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PRKFArE 

MKrn.\M«'.\r,  <lni\vin-r.  in  adflitimi  (d  its  value  from  a 
Htri(tl\  luactiral  i>ni?it  x^i  view,  is  also  (.('  iinportaiitc  as 
annitliiii,'  an  excellent  int lodiietidii  lu  tlio  sliidv  ot'  t,^'(>nu'- 
tiT.  'riiioii.^h  it  the  |iii|>il  (iiscdsris  for  liiniselt'  niaiiv  of 
the  liiiiilainental  piineiiijes  ot  LTeoiiK-t rv,  so  tli.it  later  on, 
when  he  l»ei;ins  the  theoretical  stmly  ol'  this  scienc.'.  niaiiv 
(•1  its  (lilVicnltics  have  heeii  ifMiiivcij. 

Mechanical  draw  in-,'  is  a  sid.ject  at  winch  all  can  do 
soinethinir.  A  |Mi|.il.  didl  it  may  he  in  other  suhj.'cts,  in 
this  can  attain  a  lair  ineasm-e  (»f  success.  H*.  m-eds  to 
show  dilii,'euce.  neatness,  and  accuracy  in  his  nork.  and 
the  ac(jnirini,'  o{  th-se  habits  is  in  itsidf  oF  etiut-ational 
value. 

The  constructions  in  'lis  Ixxtk  are  of  an  elementary 
nature,  and.  for  the  most  part,  are  contined  to  the  subject- 
matter  of  the  first  book  of  Kuclid,  More  complex  prob- 
lems have  a  ])laee  in  books  auapted  to  the  laeds  of  students 
ill  technical  schools  and  colleges. 

The  aim  of  the  author  throut,'hout  has  been  to  be  prac- 
tical, and  this  aim  it  is  believed,  has  been  realized,  espe- 
cially in  Chapter  XI.  The  exercises  of  this  chapter  have 
been  done  in  a  manual  training  school ;  and  a  boy  wha 
fully  understands  them  and  is  of  a  mechanical  turn  can 
take   the   lueasureraents  here   given,  draw  the    required 
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dia,s:ra.ns,   an.l    witl.    l.i.s   \v.,n(l-w,„kin.tr    tools    make    the 
umcrcnt   ohjccts. 

Part  I  is  iiitrn.1,.,1  fur  j.Mj.ils  ..f  finules  VII  and  VHI 
of  the  s.'h.M.'s  of  Nuva  S.ntia.  and  I'art  II  for  those  of 
^ta,l<.s  IX  an.l  X.  Chaptrr  \I  is  intended  for  the  use 
ot    niaiiiial   t  fainin^-  pujiils  onlv. 

Tl,r  answers  to  th,-  exrreises  have  I.een  got  l,y  ealeuhi- 
t.on  and   may  slightly  differ   fron,   the   answers' obtained 
'•>■  1''"'""^^      I"  liis  ni,.asurenients  the  pupil  nuisi  he  as 
exaet    as  ean    reasonably   he   evpeeted.       When   the   value 
of  H  line  ,s  expressed   in   thre.-  figures,  his  answer  should 
agive  with  the  lirst  two  lig„res  and  he  not  more  than  one 
away  m  the  last   figure.      For  example,  if  he  ohtains  4  8(» 
'T  4.:5S  niehes,  and  4.:>,T  in.-h.s  is  given  as  the  answer,  his 
work  may  he  said  to  h,.  eorre.-t.      In  measuring  a.i  ainde 
he  should  get  a  result  not  n.ore  than  one  degree  different 
fn.m   thr  answer.      His  vain,-   for  an  area,  however,  may 
not   so  .losely  approximate  that  got  by  caleulation  :   for, 
as  the  area  ot  a  figure  is  the  produet  of  two  numbers,  a 
Blight  d.fferenee  in  the  value  of  one  of  the  numbers  may 
make  u  consider^ hie  difference  iu  the  product. 
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PART   J 


CHAPTER   T 


instkump:nts 

1.  Pencils.  —  Practical  (lraiit,'litsiiR'n  make  their  draw, 
ings  in  pencil  and  ink.  Tiiey  use  Jiard  pencils  by  which 
fine  lines  are  drawn,  and  afterwards  Indian  ink  to  make 
them  more  distinct.  This  ink  has  adviintaj^es  (.ver  ordi- 
nary ink  in  that  it  dries  quickly  and  retains  its  color.  It 
is  iu)t  necessary  for  those  for  whom  this  hook  is  intended 
to  make  their  drawings  in  ink.  They  had  better  use 
pencils  of  medium  hardness  and  he  careful  to  keep  them 
nicely  [Jointed. 

2.  Ruler.  — The  ruler  should  he  twelve  i.uhes  long  and 
have  on  it  the  inch  and  metric  divisions,  the  diagonal 
scale  in  inches,  half  inclus,  and  centimeters,  and  the  scale 
of  chords. 

3.  Dividers.  —  Dividers  nre  used  for  measiiriiig  lines 
and.  when  one  h'cr  is  fiiruislied  with  a  jx-ncii  point,  for 
making  circles.  In  taking  uicasuicmcnis  the  [iressnre  of 
the  lingers  is  apt  to  cause  the  legs  of  tlic  dividers  to  come 
too  close  together.  Tiiis  may  !»e  guai'ded  against  hv  hav- 
ing (lie  distance  between  liie  points  regulated  liv  a  screw. 

4.  Protractor.  —  A  |»rotractor  for  setting  out  and  meas- 
viring    angles    is    necessary.     There    are    two    kinds,    the 
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2  MECHANICAL   DRAWIXG 

fcctangular   and    the    semiein-ular.      The    rectanc^ul-  '  is 
engraved   on   son.e  nders.     The  senueinndur  is  mad.    of 
J'o'"  <"■  metal.     The  horn  j.n.traetor  is  j.referred,  and  it. 
".se  IS  rec.nnnendrd  whenever  the  student  is  required  t 
<i'a\v  one  line  at  ri-rht  angles  to  anotlier. 

These  fpv  instruments  are  inexpensive,  and  by  means  of 
th(m,  all  the  <.mstruetions  in  this  book  mav  be  drawn 

expensive  an.l  b.v.nd  the  u.eans  of  m.,st  students.  Pan.r 
o^  nnu.h  eheaper  kind  n.ay  be  used.  It  is  essential  that 
It  be  clean  and  have  its  edges  eveidy  eut. 

X,nKs._X.;,tn..ss   ;,n,|    n.rurn.y    .nust    I„.  i„sisf,.,l    „,..,„.       Tt    k 
',^1'l.v   nn,.,„.,an,  I,,,-  ,1„.  .,.,.|.nt  ,„  d,.  Ins  work  >nf,      |    1...  f,;      i  ? 

-K     ,U,,.dK..nnn.,|.;.v,iv,.nlin..saM.llin..s.,- .stn,c,ion  tl,in  • 

cakM.hti.,.,      Tl.  .  .  ,  ol.tauuMl  l.y  a  inathvinatical 

■ "--".Hi::;;;;t:;:!:;:::^i;;\i::-fr""''^"'"'''-'^ 

M.\i:s 
1..  .Innvi,,,-  M,,,i„|,t   Ii,u.»  f,,„„   „„„  ,„  .„^  j^  ^„_„^|^^^ 

;    ,    "":■  ; "'   '■,'•  •»'"■"  >!-'   tl'e   line   begins  „.,.,,^ 

,';,""",'  T   -;;"'''•■•"""."  ■'■  "-  «tl,er;  .uul  that  it  il 
.'™,.,;„  „„.l  „f  ,„„f,„,„  «i.l,l,  ,l,„,„„I,„„t  its  whole  len.tl,. 

/    ."■  ^""f  ^'"'^^   ^"e   peneil  should    be    held   nearlv 

tion  of  the  rtder,  and  the  pressure  upon  it  sl.ould  be  the 
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same  from  one  point  to  thv  other.  The  line  shouhl  be 
•Imwn  from  the  h-ft  tc  the  right  and  with  the  ui.l  ,.f  the 
ruler.  Before  dniwin-  the  line  see  that  the  ruler  is  so 
placed  that  the  peu<-il  point  will  pass  exaetlv  thnmH.  the 
points.  Do  not  m.-asure  a  line  l,v  means  of  ymi^  ruler 
"Hly.  I  se  your  dividers  as  well.  B.  sure  that  one  point 
<>  the  d.vulers  is  exaetly  at  ..ne  en<l  of  the  line  and  that 
the  other  point  is  exaetly  at  the  other  end  ;  and  that,  while 
the  l.-no-th  of  the  line  is  beincr  transferred  to  the  s.-aie.  tho 
ends  of  the  dividers  do  not  eonic  closer  toir^.ther  Be  cire- 
t'.l  also  not  to  press  so  har.l  upon  the  dividers  as  to  punc- 
ture the  paper. 

EXERCISE   I 

(N<r,,,._  Answ.Ts  are  to  1„.  ,..„T,vt  t.,  .!„•  s,.,-..,,.!  plan.  ,.f  .Ircinials.) 
1.    Measure  and  draw  these  lines: 


2.  Draw  a  line  equal  to  the  sum  of  the  lines  in  No.  t 
and  measure  it. 

->.    I)raw  a  line  .-qual  to  their  diffen-nce  an.I  measure  it. 
4      Draw  three  strai-ht   lines  whose  len<,nhs  are  respec- 
tively L'.:{7.  l.flS.  and  ;{.!t4  inches.  ^ 

^.  Draw  three  lines  .>f,li(U-rent  lengths.  Fim  estimate 
tlu-ir  lengths  and  then  measure  them.  How  near  were  th. 
estimated  lengths  to  the  exact  leiigtlis/ 

•!.     Draw  lines  whose  lengths  are  respectively  ">-'     U 
and  i  inches.  '  ^      '-'     3' 

T.    Estimate  the  length  of  this  line:  

How  near  does  your  estimate  come  to  th7^^;;;;7L^;;g^ 
l^-aw  a  line  three  times  as  long  and  measure  it. 
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MPX'IIANICAL   DRAWING 


8.  ICi-  imate  the  length  of  this  piige.  Draw  a  line  as 
long,  measure  it,  and  record  your  answer  in  (1)  inches 
and  decinuil  of  an  inch, and  (2)  dewnieters  and  centimeters. 

9.  Draw  a  line  whose  length  you  judge  to  be  2\  inches. 
10.    Draw  a  line  whose  length  you  judge  to  be  8  centi- 
meters. 

ANGLES 

Ali  and  AC  are  straiglit  lines  drawn  from  the  same 
point  A.  These  two  lines  form  an  a7igle  at  A.  The 
angle    is    nam<Ml    BAC,  _ 

or  CAH.  AH  ixud  AC 
ai'e  the  arms  of  the 
angle  BAC. 

The  size  of  an  angle 
dei)t-nds  u{)()n  the  open- 
ing between  the  arms 
and  not  u[)()n  tlieir 
lengtlis. 

Angles     are     plotted 
and    measured    usually 
by    means    of    the    pro- 
tracl(jr.     'J'lie  sci'U;  uf  chords  is  sometimes  used.     Unless 
otherwise  directed  inc  pupil  is  to  use  the  protractor. 

If  you  examine  a  semicircular  protractor,  you  will  see 
that  lis  circumfcrent'C  is  dividtMl  into  180  equal  tlivisions 
nund)cn'(l  at  iiitci'vals  of  10  frou'  0  to  180.  Tliese  divisions 
arc  callc(l  degrees,  of  wliicii  the  sign  is  °.  For  instance, 
40^  is  read  "4n  degrees."  Vou  will  also  notice  that  the 
middle  point  of  the  straiglit  edge  of  the  protractor  is 
jnarked.     For  the  sake  of  reference  call  this  point   0, 


Fig.  1. 


I 
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If  it  be  required  to  make  any  antrle  — for  example,  55* 
—  proceed  tlius :  Take  a  line'^l/i  (Fig.  1)  and  on  it 
plaee  the  pn.tractor  so  tliat  0  is  at  A  and  the  straight 
edge  to  the  right  of  0  is  on  liie  line  AB.  Then  make  a 
small  i)encil  mark  on  the  paper  at  tlie  division  on  the 
circumference  whose  number  is  5").  Draw  a  line  from 
■fchis  mark  to  A.     Then  at  .1  there  is  an  angle  of  55°. 

Conversely,   if  it  be  reciuircd  to  measure  any  angle 

for  example,  the  angle  BAC  iA  Kig.  1_ proceed  thus: 
As  before,  place  0  on  A  and  the  straight  vCiiri'  on  AB. 
Then  notice  where  J  6^  meets  the  circnlar  edge.  It  is  at 
the  division  55.  Then  Z?^^  is  an  angle  of  55°.  If  the 
'me  AC  is  so  short  that  it  docs  not  meet  the  circular 
idge,  with  tiie  pencil  extend  AC  until  it  does  meet  the 
idge,  and  then  read  the  number  of  degrees  in  the 
angle. 

The  protractor  is  so  niunbcred  and  divided  that  angles 
of  any  size  between  0°  and  180°  can  readily  be  plotted  or 
measured.  When  the  si/.e  of  an  angle  is  90°,  the  angle  is 
a  rii/ht  an</le. 

EXERCISE   II 

1.  Plot  angles  of  •';^?'r-HrrtTTrrT?tH£>aMTf-i(;o°. 

-'.  On  youv  i)apt'r  take  a  point  and  from  it  draw  a 
line  twice  as  iong  as  A /i  and  a  line  twice  as  long  as  AC, 
making  the  angle  between  them  twice  as  large  as  the 
angle  in   Fig.  1. 

•  ).  Name  the  aiHjflf  in  No,  i'.  ])EF.  Draw  a  I'-nc  from 
D  to  F.      Measure  it  and  the  angles  at  D  and  F. 

4.  What  is  the  sum  of  the  values  of  the  angles  at  Ey 
Z>,  and  F :     Your  answer  should  be  180°. 
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').    Dniw  five  an<,r!.>s  (.f  .litTcicnt  sizes.      First  cstiniat*; 
tht'ir  sizes  and  then  iiifusiiir  tlifiii.      IIu\v  near  were  vo 
estimates/ 

<!.     Take    a    [inint    on    vdui'   jmper   and    fmiu    it    dra 
A    line    direeilv     npuards.      V,,u    have    drawn   a    i^rtu-al 
line. 

"•    ''''■'""     ''"■     I'"iiit     in     No.     »;     diaw,    also,    a     lir 
diiv.tiv    towards    the    ijuht.       Vou    liav.'    now    dfawn    a 
huriznnlal    line.       What     is    the    an-le    i.etweeii     tiiese    two 
lilies  / 

>S.  Take  a  p(,inl  J  and  I'lom  it  draw  a  line  directly 
upwards  and  1 .1  in.hr>  huitr;  a  liiii^  directly  towards  the 
ri.trht   and    •_'    inches    Ion-:    and   a   line   directly    towards 

^''*'  '••*'   '""I    1    'i"l'   l""'.'-      il"w  many  an^irles  are  formed 
at   .1  /      Measure  ,.a,'h.      What 
is  (  heir  snm  '.' 

".'.     .Measure      each      of      the 
ani,'les    in    FIm-.    :>.       what    is 

their  siun  .' 

lO.    Make  a  drawiiitf  ot"  \onr  ^''"-  •-'• 

own    sn--esu'd   l.y  1-io-.  L'.      .Measure   each  of  the  angles. 
Wiiat  is  their  sum  / 


EXERCISE   III 

1.    .Measure  these  an,u:les  and    tind  an  aii-^le  equal  to 
their  sum,  and  an  ani,de  ecjual  to  their  dit'ferenee. 


2.    Make  an  angle  three  times  the  size  of  that  in  Fie  1. 


•Htr^I^'j^Sajl. 


a\(;les 


3.  On   your  sheet   of   pjiper   describe   angles  of  32" 
108°,  140°,  4.V\  (u\  un.l  23\ 

4.  Fiirnre  :?  is  tluit  of 
a  tri(in(//f.  Mt-asure  tlio 
an^'les  ill  .1.  li,  and  C, 
How  many  (It-qrecs  aro 
there  in  the  three  anj,'Ies 
ull  together  ? 

•)•    Make  a  trianyle  of 
your  own  and  h'tter  it  as    ^ 
in    Fit,'.    '■>.      How    hvrtje 
is  each  ant,de  and  what  is  the  sum  of  all  ? 

♦i.  Keep  your  triannrU.  of  No.  5.  Extend  the  line  AB 
1  meh  towards  the  riprl.t,  and  call  the  end  of  the  ex- 
tended part  D.  Measure  the  antrl,.  CBI).  Also  find  an 
angle  equal  in  size  to  A  and  C  togetiier.  Compare  the 
two  values. 

■^_  7.  Take  a  straight  lin  .4^,  .3. r,  inches  long.  Cut  of! 
a  part  AC,  1.8  inehes  long.  Througli  C  draw  CD,  2.8 
inches  long,  making  the  angle  BCD,  72°.  Draw  lines 
from  I)  la  A  and  B.  Measure  their  lengths  and  the 
angles  of  the  triangle  ADB. 

8.  Look  closely  at  the  dial  of  a  clock.  What  is  the 
.-uigle  between  the  hands  at  one  o'clock?  At  three 
o'clock?  At  half-past  six  ?  At  eight  o'clock  ?  At  ten 
o'clock  ?     Draw  each  of  these  angles  on  your  paper. 

9.  On  a  map  are  three  places  which  we  will  call  A, 
B,  and  O.  B  is  2  inches  due  north  of  ^i,  and  C  is  21 
inches  due  west  of  A.  Represent  on  your  paper  the 
positions  of  these  places.     How  far  is  B  from  C? 

10.   Draw  a  horizontal  line  2  inches  long.     At  one  end 
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arect  a  vertical  lin«'  1.45  inrlies  lon^,  and  at  the  otlier  end 
R  verti(!al  lin(^  2.3»>  inches  hmg.  Jt)in  tiie  U{ip«'r  end  of 
the  one  vertical  liiu?  l(»  that  of  the  otlicr.  Measure  each 
of  the  angles  last  made.     What  is  their  sum  ? 


EXERCISE  IV 

1.  On  the  scale  of  1    inch  =  \   inch  draw  a  horizontal 
line  1  foot  3  inclies  loiiLf  and  a  vertical  line  !•  iiuhes  long. 

2.  I'se  your  diagonal  scale  and  ilraw  lines  to  represent 
these  distances:    It',;}.  120,  41»,  oTf.,  87,  and  245  feet. 

'}.    If  loo  feet  l)e  repicsented  1»\  a  line  1  inch  in  length, 
what  does  each  of  the  following  lintis  rej)resent  ? 


4.  A  man  started  fi-oin  a  certain  point  and  walked 
directly  towards  the  east  204  feet.  'I'lieii  he  turned  and 
walked  l<i7  feet  directly  towards  the  north.  Ihtw  far  is 
he  now  from  t!ie  starting-puint  ?  Draw  a  diagram  to 
represent  this. 

5.  Measure  the  top  of  your  desk  and,  on  a  reduced 
scale,  represent  it  on  your  j)aj)er. 

t>.  A  man  walks  2  miles;  then  he  turns  to  his  right 
hand  through  an  angle  of  '.^O^  and  walks  3  miles ;  and 
then  he  turns  to  his  left  through  an  angle  of  90°  and 
walks  4  miles.  Draw  the  diagram,  on  the  scale  of  a  mile 
to  an  inch.  I  low  far  is  he  at  the  end  of  the  time  from  his 
starting-point  ? 

7.  A  wall  is  16  feet  high.  The  foot  of  a  ladder  is  12 
feet  out  from  the  wall  and  the  top  of  the  ladder  just 
readies  the  top  of  the  wall.  Represent  this.  How  long 
is  the  ladder  ? 
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8.  Two  stmii,'lit  roiuls  l.iaiuh  off  inukincj  an  nn^lv.  of 
4<r  with  each  other.  A  lioiise  is  on  the  one  road  C  inih-s 
from  till-  eorner,  and  a  licnse  is  on  the  other  road  H  niih-s 
from  the  eorner.  Ilow  t'.ir  apart  are  the  houses/  Kepre- 
s-'iit  this  on  the  scah;  of  2  niih-s  to  1  inch. 
[  1».  A  tlair-stalV  is  4S  fed  hi^di.  Two  ^niy-ropes  aro 
fastened  to  the  lop  and  carried  to  tiie  ifround  to  points  I'J 
feet  and  IS  feet  resj.ect  i  \  ely  from  the  foot  of  the  slafT, 
and  <lireetiy  opp^isite  to  one  another.  lu'pr.'seiit  this  on 
a  scah'  of  1-J  f,.,.i  =  I  iiicii.  Kind  the  leni,rih  of  each  rope 
and  the  aii'^dt!  eacli  makes  witii  the  irronnd. 

I't.  Four  roads  start  at  the  same  point.  The  first  I'nns 
dne  noith,  t lie  second  dm-  east,  the  third  due  south,  and 
the  fourth  due  west.  I,(.cate  a  |)oint  4  miles  ah.n  the 
lirst  road,  a  point  o  nules  ahuii;  the  second,  a  {.oint  .  ih-s 
uloni,-  the  thir.l,  and  a  ].oint  S  miles  alont,'  the  fourth. 
FiiKl  the  distances  of  the  lirst  and  tinrd  points  from  the 
second  and  f-jurU).      L'so  any  convenient  scale. 


rUoiUJ-Ms  ON    STKAIGUT   LINKS   AXD  ANGLES 
I'n.MiLKM    1.     Tc  l,is,.(;t  this  lino 


that  is,  (o.Hvi.N.  it  int..  two  equal  parts. 
Thciv  arc  scvM-al  m.-thods  of  doii.^r  this. 

It  I  -^t  .•'^T"'"T;'' .    f "'  *^'*^  '^^^"••'  '-'^'^'^  "f  the  line. 
t  ...  ...»S  „.,  !u.s       Halt  of  the  line  will  I,.  1,)4  inc-hes  lon^ 

-".  e.ther  .nd  of  the  line  nu-asu.-e  off  a  distance  of  iMA 

mehes.      \ou  have  then  j^ot  its  nnd.lle  point.     This  is  a 

good  exen-.se  to  test  ae.-uraey  of  measuring. 

With  n'   T-'!"    '''''"'f '    ''"    '""•^'^''    '^^   ''^'f   the   line. 
With  the  d.vulers  see  ,f  you  are  right.     If  not,  try  again 

%  repeated  tr.al  you  ean  find  its  nnddle  poin  .  Afl  a 
imU.  p,  J.,,  the  eye  will  be  so  trained' in  estinX 
<l.stan.H.s  that  only  a  few  trials  will  be  necessary.  ^ 

•^.    iiy    Meang    of  ^  '' 

Protnii'tor    and   Di-  ^ 

mdem  (Fig.  4).  At 
A,  make  an  angle 
of  any  size.  Let  us 
say34».  At  ^,  make 
an  angle  of  the  same 
size.     Make  AC  of 

any  length    and  BD  =  A(J.     Draw  a  line  from 
liien  E 18  the  middle  point  of  AB. 

10 
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4.    %  Mf„„H  of  CoTnp,iHH,H  (  Ki<;.  ;-,).      Kxt.MKl  the  corn- 
pusses  until  tlu'  distance  between  tlif  points  is  jrrejiter  than 

half  th«'  line.    I'lace 

.(J 
one     point     of     tin; 

compasses  at  .1,  and 

with  the  oth«'r  point 

trace     part     of    th«j 

eircuniferetice    of   a 

circle:  that  is,  trace 

an    arr  of  a   circle. 

He  careful   tiiat  the 

stationary   point    of 

the    compasses  do^' 

not     puncture     the 

piil)er.      A.Ljain,  place  one  point  at  /^  and,  xutli  the  com- 

passes  as  far  aj.art  as  l)efore,  that  is,  with  the  same  rmiiu, 

as  before,  descri  e  an  arc.     These  ares  cut  one  another  at 

C  and  D.      Draw  a  line  from  Cto  D.     Then  E  is  the  mid- 

die  point  of  Ali. 

Note.  -  You  are  to  bisect  this  line  in  the  four  wavs.  After  this 
when  you  are  re.iuire.l  to  bisect  a  line,  if  no  n,etho.i  is  given,  you  may 
use  any  one  you  wish.  ^  ' 

EXERCISE   V 

1.  In  Fig.  4,  show  by  measurement,  that  CE=DE, 
angle  at  C=  angle  at  i),  and  angle  CEA  =  angle  BED. 

2.  In  Fig.  5,  show  in  a  similar  way,  that  CE=DE, 
and  that  each  angle  at  E=  90°. 

3.  In  Fig.  5,  join  C  and  D  to  A  and  B.  and  shovv  that 
the  four  lines  just  drawn  are  equal  to  one  another. 

4.  Measure  the  top  of  your  desk,  and  stick  pins  in  the 
middle  points  of  the  sides. 


12 


MFXIIAN'ICAL    DKAWIXC, 


.).    I  sing  a  si'iile  of  your  own,  draw  a  diagram  to  rep- 
resent No.  4. 

tj.    Take  a  litif  as  lono-  as  this 


and  dividf  it  into  (|iiaitiTs  \>y  l)is('cling  i;.  and  tiicu  again 
bisecting  t-aidi  half.  Do  tins  (  1  )  hy  trial,  (li )  by  nreas- 
urt'jnt'nt. 

7.  A  wirr  is  straight  for  1.]  inches,  then  goes  at  an 
angle  of  !t(i^  f,,!-  4  inches,  then  goes  strai<;ht  to  the 
nuddle  point  between  wlieie  it  started  and  where  it 
first  turned  off.  lluw  long  is  tin-  wire?  Draw  the 
diagram. 

<^.     I'lace  these  lines 


SO    that    they    bisi-ct    each    other  and    form    angles   of   [){)° 
eacli. 

1*.  Take  a  line.  AH.  ^  inches  long,  and  bisect  it  in  0 ; 
from  C'diaw  C7>.  I'.f  inches  long,  to  make  with  //('an 
angle  of  aS".  ,l(,in  .l/^and  />/>'.  Measure  their  lengths 
and  the  angles  at  .4  and  Ji. 

10.  An  is  :.'.:!4  inches,  and  .4 ('  is  :;.0-2  inches.  an<l  the 
angle  at  .4  is  (;4^  />  is  the  middle  point  of  AB,  and  E  is 
the  middle  point  of  AC.  How  far  are  B  from  C  and  D 
from  IJ  !     Compare  your  two  answers. 

PK(>Hr,KM  2.  To  draw  a  straight  line  at  riglit  angles  to 
AB  from  ('.  a  point  in  AB  (  Fig.  t) ). 

1 .  With  the  Protractor.  At  C',  make  A  OF  an  angle  of  90'. 
Tlien  OF  in  at  right  angles,  or  perpendicular,  to  AB. 


m,JM«.ij,btn^tM,nn( 
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2.  With  the  Compasses.  With 
C  as  centre,  and  with  a  suitable 
radius,  draw  arcs  to  cut  AB  in 
I)  and  E.  Witli  />  and  IJ  m: 
centres,  and  with  a  radius  hir^er 
than  l)ef()re,  describe  arcs  cuttiniif 
each  other  at  I\  Join  F  to  C. 
aui^U's  to  .1/^. 


I) 


F 


90 


C 

Fui.  G. 


E 


-B 


Tlien  CF  is  at   right 


J) 


F 


B 


1'k(>iu>em   ■^.    To  draw  a  .straight  line  at  right  angles  to 
AB  from  C.  a  point  not  in  AH  (  Figs.  7,  8). 

1.  With  the  Profractor 
(  Fig.  7  ).  Take  any  jxtint 
I)  Tn  AB.  .Mak<"  Af)F 
an  angle  of  IMl".  .Join  D 
to  C.  Measure  the  angle 
EDO.  and  make  the  angle 
/>('/' as  large,  'riicn  C'/'is  ^' 
perpendicular  to  AB.  ^'"-  '• 

•2.    With  the  t'oifi/Mix.ies  (Fig.  8).     With  C  as  centre,  and 
with  any  suitabU-  radius,  ^ 

cut  AB\u  /f-AWil  K.  From 
these  points  as  centres, 
and  with  a  suitable  ra- 
dius, describe  art-s  cutting 
at  //.  Join  C  to  //  and 
extend  CH  till  it  meets  ^. 
AB  in  F.  Then  CF  is 
perpendicular  to  AB, 


XJi 


D 


F 
Fig.  8. 
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EXERCISE   VI 

1.  Enlarge  Vi^.  6  to  about  twice  its  size. 

2.  Join  F  to  J)  and  £.  Measure  the  lengths  of  FB 
and  /'ii7an(l  the  angles  of  the  triangles  FCD  and  FOE. 

8.  I'.iseet  FD  in  G  and  join  C  to  G.  Show  that  CG  = 
GI)=GF.  and  that  the  angle  DGC=90''. 

4.  iiisect  FF  and  proceed  in  a  manner  similar  to  tiiat 
in  No.  3. 

o.  If  a  man  walks  5  miles  in  one  direction,  and  then 
turns  througii  an  angle  of  90°  ,..id  walks  12  miles  in  that 
direction,  how  far  is  he  from  his  starting-place?  Show 
l)y  a  diagram. 

H.  Make  a  triangle  somewliat  like  that  of  Fig.  3. 
Bisect  each  side,  and  at  the  middle  point  of  each  side 
make  a  right  angle.  If  your  woik  is  correct  the  lines 
drawn  at  right  angles  to  the  sides  will  pass  through  the 
same  point. 

7.  Draw  a  line  3  inches  long,  assume  a  point  about  1| 
inches  above  it,  and  from  this  point  draw  a  perpendicular 
to  it. 

8.  Make  a  triangle  somewhat  like  that  of  Fig.  3. 
Draw  a  line  from  C  perpendicular  to  AB,  one  from  A  per- 
pendicular to  BO,  and  one  from  B  perpendicular  to  AC. 
If  your  work  is  right,  the  perpendiculars  will  pass  through 
the  same  point. 

9.  Take  a  line  2  inches  long  and  at  one  end  erect  a 
perpendicular  2  inches  long.  Join  the  ends  of  the  lines 
and  show  that  the  triangle  formed  has  two  angles  of  45° 
•each. 

10.    Draw  a  horizontal  line  1.51  inches  long.     At  the 
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ends  erect  perpendiculars  whose  lengths  are  1.43  and  1.02 
inches  respectively.  Produce  the  lines  joining  the  ends  of 
the  perpendiculars  until  they  meet.  How  far  is  the  point 
where  they  meet  from  the  ends  of  the  perpendiculai's  ? 

Pkoblem  4.  Through 
C  to  draw  a  line  parallel  to 
AB  (  Fig.  0).  E 

Jiiin  C  to  any  point  />  in 
AB.  Measure  the  angle 
CT>  '  ■  and  make  the  angle 
LCE  eijual  to  it.  Then 
EF\H  parallel  io  AB. 

Fig.  9. 
Ni>TK.  —  All   and    /■.'/•',   if   pid- 

(liid'd  t'VtT  so  far  in  eitiier  direction,  do  not  nirt't.     Tlicy  arti parallel 

lines. 


PuoULEM      T). 


To 


draw  a  line  parallel  to 
AB  and  .62'S  inch  from 
it  (Fig.  lU). 

At  A  and   B  make  -^1' 
angles  of  90°.      Make 
AC  and  BD  .623  inch  long  each.     Join  0  to  D.     Then 
CI)  is  parallel  to  AB. 

Pkoblem  6.     To  divide  the  line 


Fig.  10. 


into  five  equal  parts. 

1 .  Bi/  JjlCUiUTc'iTltilt. 

2.  By  Trial.     These  methods  are  similar  to  those  of 
Problem  1. 


r   { 
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3.  ^y  .V>ff««  of  Dividers  and  Protractor  (Fig.  11). 
Measure  the  given  line  and  make  AB  as  long.  Draw 
-4(7  at  any  convenient  angle  and  length,  and  from  A  set 


Fio.  11. 


off  live  equal  distanees.  .loin  ")  t<.  B.  Measure  the  angle 
at  0,  and  at  the  ether  points  of  division  make  angles  equal 
to  it.      Then  .1^  is  <livided  into  five  equal  j.arts. 

EXERCISE   VII 

1.  Make  a  drawing  lik^  Fig.  !..  Measure  all  the 
iingifs  in  it.  What  angles  are  eijual  to  .,ne  another? 
"W  hat  pairs  of  aiig'cs  arc  ecpial  to  l,S(t°  ? 

-•    •^''''    *' ''i^'*'^    "'■   your    ruk'r    and    sheet   of   paper 

IiaraUel  '.'      ]'y,>\v  your  answers. 

8.    Draw  thi-cf  paralK'l  lines  ^  im  h  apart. 

■t-  Draw  a  line  :]\  inches  long,  and  from  it  cut  off  }  of 
itsjmgth.      Do  this  In-  means  of  dividers  and  jtrotraclor. 

■ '"'    -4   ■■"''■■  I- :^  ^"''K'  ii'ii^i  turuugii  a  poiiii  A, 

1  inch  from  it.  draw  another  line  2|  inches  long,  parallel 
to  it  and  bisected  at  .1. 


.r<tft.-5{S«M-, 
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6.  Draw  any  triangle  you  wish.  Bisect  two  sides  and 
join  their  middle  points.  The  line  now  drawn  is  [)arallel 
to  the  third  side  and  equal  to  half  of  it.      Prove. 

7.  Make  a  drawing  somewhat  like  Fig.  10.  Take  AB 
2|  inches  h-ng,  and  AC  1  inch  long.  .loin  BO  and  AD 
and  lind  tlicir  lengths. 

8.  In  a  drawing  like  Fig.  9,  if  the  angle  CDB  is  48", 
and  CI)  is  1^  inches  long,  how  far  ai)urt  are  the 
lines  ? 

9.  ( )ne  road  is  parallel  to  anotlier.  A  straight  path 
runs  from  one  to  the  other,  is  TiOO  feet  l.)ng,  and  makes 
an  angle  of  110°  with  the  roads.  What  is  the  distance 
between  the  roads  ? 

10.  Draw  two  parallel  lines  2^  inches  apart,  and  be- 
tween tlit'Mi  place  two  lines  so  that  tliere  shall  be  four 
eciuiilistant  parallel  lines. 


PuoHLEM  7.     To  bisect  the  angle  i?^4.C(Fig.  12). 

1.  Bi/  .^ffdns  of  flu-  /Protrac- 
tor. Measure  the  aii'^b-  /L\C 
and  make  tlu'  angle  CA/f  half 
as  large.  Iben  A  If  bisects  the 
augl,.  JiAC 

2.  y^/  M;nis  nf  fhr  Dlril- 
i'l-H.  With  A  as  centre  and  ^l■' 
^..th  any  I'onveiiii'nt  radius 
dravv  the  are  IU\  With  B 
and  ('  as  eentri's  an<l  with 
any  lailius  draw  ares  to  iMit 
one  anotlier  at  D.  Join  i>  to  ^4..  Then  AI)  bisects  the 
■AwA^' BAC. 


•?^ 


is 
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Problem  8.     To  trisect  the  right  angle  BAC  (Fig.  13). 

1.  Bi/  Meam  of  the  Protrac- 
tor.    A  riglii  angle  equals  U0°. 
Make  each  of  the  angles  HAD  <■ 
and  I)AE  ecpial  to  30°.     'I'hen 
the  right  ai  ltIc  is  trisected. 

2.  By  Meauif  of  the  Dividers. 
With  A  as  centre  and  with  any 
convenient  radius  diuw  the  arc 
G H.  Witli  the  same  radius,  " 
and  with  G  and  H  as  centres, 
draw  arcs  cutting  GH  in  I)  and  E.  Join  ^  to  jS;  and  D. 
Then  the  right  angle  BAC  \a  trisected. 


Fia.  13. 


EXERCISE   VIII 

1.  Draw  a  straight  line  AB.  ±m  inclies  long,  and 
from  a  point  A  .7  inch  from  A.  draw  a  line  IK\  making 
an  angle  of  .j4°  with  7^/?,  aiid  hisect  the  angle  CBB. 

2.  Set  off  with  the  protractor  an  angle  of  63°.  Bisect 
this  angle  and  again  hisect  each  half. 

3.  Draw  a  triangle.  Bisect  all  three  angles.  The 
bisecting  lines  will  be  found  to  go  through  the  same 
point. 

4.  From  the  point  found  in  No.  8  draw  perpendiculars 
to  the  sides.  If  your  work  is  correct,  these  perpendiculars 
are  equal  to  om-  another. 

5.  Make  an  angle  of  72°  and  bisect  it.  Take  a  point 
on  the  bisector  2^  inches  from  tiie  angle  and  measure  the 
lengths  of  the  perpendiculars  drawn  from  i  ^e  point  to  the 
arms  of  the  angle. 

6.  Draw  an  angh;  of  114°  and  trisect  it. 
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7.  Measure  the  angles  in 
this  figure,  liisect  eaeli  angle. 
Measure   tiie  angles  formed  bv 

the    bisectors.       What    do    you    

notice  about  them  ? 

8.  Draw  a  vertical  and  a 
horizontal  line,  each  l.M»!  inches 
long,  to  bisect  one  another  at 
A.  Hisect  each  of  the  four  angles  formed.  Yonr  figure 
will  represent  a  compass  with  eight  points.  Put  letters  at 
the  ends  of  the  lines,  beginning  with  the  up[)er  and  going 
round  by  the  right.  Let  these  letters  be  iV",  NF,  E,  SEy 
S,  etc. 

\K  A  vessel  left  a  port  and  sailed  10  mik's  directlv 
south.  Then  it  turned  and  sailed  1  ">  miles  directlv  east. 
Then  it  sailed  ;>  miles  southeast.  Then  it  sailed  20  miles 
northeast.  How  far  is  it  now  from  the  port  left?  Draw 
a  diagram  to  sliow  the  course  the  vessel  took. 

10.  A  road  runs  from  A  to  B  east  <>  miles,  then  goes  to 
the  northwest  from  B  to  C  8  miles,  and  then  goes  to  the 
north  from  (7  to  Z>  12  miles.  Draw  a  diagram  to  show  th& 
road,  and  measure  the  direct  distance  from  £  to  A. 


CHAPTER   III 
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A  TRIANGLE  is  shown  ill  Fig.  8.  When  the  three  sides 
are  equal,  the  triangle  is  eipdlateral.  Tlie  three  angles  are 
also  eijual.  You  have  seen  that  the  sum  of  the  three  angles 
of  a  triangle  is  180°.  Therefore  each  angle  of  an  equilateral 
triangle  is  G0°. 

When  only  two  sides  of  a  triangle  are  equal,  the  triangle 
is  isoscelf.s. 

Pkoblkm  9.  To  make  an  equilateral  triangle  on  a  base 
1.21  inches  long  (Fig.  14). 

Take  a  line,  1.'21  inches  long,  and  proceed  in  one  of 
these  ways :  (1)  With  the  divid- 
ers. S{)read  thi^  i)()ints  of  the 
dividers  1.2i  inches  apart,  and 
with  A  as  centre,  describe  an  arc  ; 
and  with  Ji  us  centre,  describe 
an  arc.  These  arcs  intersect  at 
('.  .loin  C  to  A  and  B.  Then 
CAIi  is  an   eiiuilateral    triangle.    A'  ^^i 

(2)    ]Vith   the  prut, -(irt or.      At   A  Fi.;.  14. 

and  B  make  angles  of  tIO°.     Produce  the  arms  of  the  angles 
to  liicti  ill  C.      Tiicii  ABC  la  an  equilateral  iiiaugie. 

PRr.HLEM  10.  To  make  an  isosceles  triangle  on  a  base 
,1,86  inches  long  and  with  a  side  1.28  inches  long  (Fig.  15). 
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Take  AB,  a  line  1.86  inches  long.  Spread  the  points 
of  lilt'  dividers  1.28  inches  apart,  and  with  A  as  centre, 
(h'scriho  an  arc;  and 
with  li  as  centre,  de- 
s(;ri'»t'  an  arc.  These 
aics  intersect  at  C 
Join  C  to  A  and  B. 
Then  CAfi  is  an  isos- 
cel'  s  triangle.  ""  i-s* 

Fio.  15. 

1  iioiu.KM  11.     To  make  a  triangle  whose  sides  shall  be 
'[.'21.  \.'I.  and  1.81  inches  long,  respectively  (I'ig.  16). 

Take  AB,  a  line  1.27  inches 
long.  Spread  the  pointn  of  the 
ilividers  1.2  inches  apart,  and 
with  A  as  centre,  describe  an 
'  re.  Again,  spread  the  coni- 
, Kisses  l.;U  inches  a{)art,  and 
with  B  as  centre,  describe  iin 
arc.  These  arcs  intersect  at  ('. 
'  nn  Cto  .land  fL  Then  CA  li 
is  the  triangle  reqnired. 

Pi;<>i',LF.M    12.      To   make  a  triangle    when    two   sides 
are    l..")t)    and    l.:')2    inches    long, 
rcs])C('t ivt'ly,    and    the    angle    be- 
twet'ii   them   is  t'wV"   (  Kig.    IT). 

Takv-  AB.  a  line  1..5t)  inchts 
long.  At  .1  niake  an  angle  of 
tj.")°.  Measure  off  AC  l.o2  inches 
in  length.  .loin  C  to  B.  Then 
CAB  is  the  triangle  required. 
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EXERCISE   IX 

1.    How  lon^'  is  this  line  '/ 


Draw  ii  line  us  loll^^  aiitl  uiiou  ii  tlescnbe  an  e(iuilalerii 
triiui^'le. 

2.  In  Fitr.  1;",,  cxtrnd  AC  t..  anv  ju.int  I).  Bisect  t\n 
an<rle  JiCI)  .md  th.-  anirl..  AC/i.  |»n,ve  that  the  fonnei 
bisect. .1-  IS  parallel  t..  .1/Aaiul  that  the  latter  makes  ii 
aiiK'U"  "f  1,M)°  with  J/y. 

JJ.     H(tw  lotii,'  are  these  lines? 


Ill 


Take  a  line  as  Ion-,'  as  the  former,  and  upon  it  describe  an 
isosceles  trian,i,de  havini,'  a  side  as  lontr  -is  the  latter  line. 
4.     Mrasure  these  lines  : 


and  make  a  triaiiirle  with  sides  e(iual  to  them. 

o.  l-:nlar<,'e  each  side  of  the  triam^Ie  in  Fio-.  Id  to  twice 
its  lentrth,  and  measure  ih.-  angles.  Which  Ts  the  larirest? 
Which,  the  smallest  / 

♦  >.     How  lont,'  are  these  lines? 


Make  a  triantrle  with  two  sides  as  long  as  these  lines,  a;,.l 
with  the  angle  between  them  equal  to  the  smallest  angle 
of  the  triangle  in  No.  5. 

7.  On  a  scale  of  your  owti,  make  a  triangle  whose 
sides  shall  be  48.  54,  and  00  feet,  respectively.  Measure 
the  angles.      Which  is  the  largest  ?     Which,  the  smallest  ? 

8.  Make  a  triangle  with  sides  of  3,  4,  and  o  innhes. 
and  measure  the  angles.  One  of  them  is  90°.  Which? 
Notice  that  ('Sf  +  (4  )^  =  (5)2. 

9.  On  a  reduced  scale,  make  a  triangle  with  sides  of  5, 


►!»tsi;j!!^*insa»-^> 
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T'2.  ;m(l  13  inches,  and  measure  the  fxnpfles.     One  of  tliem 

i.  '»()».      N„tice  that  (r,)2+(  12)2  =(18)2. 

1(1.  Make  a  (liaj,M-ain  to  represent  a  triangU;  with  two 
^  ,i.!(  s  :)!>!  and  4<>'.'  feet  long,  and  the  angle  between  them 
I  1:'m°.      Alsd,  measure  the  third  side  and  the  other  angles. 

I'lioiu.KM  l;>.     To  make  a  triangle  on  a  hast-  1.71  inciies 

I  'iig.    having    the    two    angles    at 
the  liasc  ♦IT"  and  42°,  respectively 

<l•■i'.^    !«)• 

'I'ake  a  line  1.71  inches  long,  and 
at  its  ends  drawlines.  making  angles 
of  t;7°  and  42°.  Produce  the  lines  to 
meet.  Then  the  required  triangle 
is  drawn. 

Prohi.km  14.  To  make  a  triangle  on  a  base  1.71  inches 
long,  having  one  angle  at  the  base  H7°,  and  the  vertical 
angle  71°. 

The  three  angles  of  a  triangle  are  equal  to  180°.  In 
this  problem  the  other  angle  at  the  base  =  1 80°  —  (67° -J- 
71°)  =  42°.     Then  the  problem  is  similar  to  Problem  13. 

Probt  FM  1  rt     Tn  rnake  a  tri- 
angle on  a  base  of  1.73  inches, 
having  one  angle  at  the   base 
61°,    and    having   a   height    of    ^ 
1.29  inches. 

Take  AB,  1.73  inches  in 
length.  Draw  AB  1.29  inches 
long,  to  make  an  angle  of  90° 
with  .45.  Make  .42) Can  angle 
of  90°,  and  BAC&n  angle  of  61°. 
reauired. 


D 


Then  CAB  is  the  trianyle 
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Pkomlkm  10.  To  nmk(!  h  tiiaiiglf.  having  given  two 
Hides  l.H;i  iiii(i  2.4;')  inches  h)n^',  and  the  angle  oppoHite  to 
the  smaller  side  'M°  (^Kig.  •_'()). 

C 


tin.  :.'(). 

Take  A/i,  a  line  ..i"  an  indelinite  h-ngth.  Make  BAC 
an  angh'  (.f  ;jr,  and  AC  2.1.")  indies  long.  With  C  as 
centre  and  witij  ihe  iK.ints  of  the  dividers  ] .Hi]  inches 
aiiart,  dcsciilte  an  aic  culling  AJi  in  />  and  A'.  Join  C 
lu  />  and  t\  Then,  eitlier  liic  iriangle  .-J''/*  or  t'ic 
triangle  .1(7;  will  suit  the   values  given. 

NoTK.—  WhtMi  tlic'^ivcii  aiiglr  isoppcsite  to  tlif'siiialltTDf  tlit-  two 
Hides,  twosoliitiuiis  uif  |M.»il,l,.:  ,.xc.|.t  wIi.mi  the  iirc  .lot-s  not  cut  Ali 
in  two  points  hut  merely  tonelie>  it.     Then  tlie  un-1.'  at  /'  becomes  'Jit''. 

l'i:(ii?LK.M  17.  To  make  an 
isosceles  Iriangle  on  a  base  of 
l.S  inches,  and  with  a  lieiofht 
of  1.24  inches  (Fig.  21  ). 

'I'ake  a  line  1.8  inches 
long,  bisect  it,  and  erect  a 
perpendicular  1.24  inches 
long.  Then  join  the  jioints 
as  in  the  figure. 


i[i\\iiiMm!im>mmv[mammnmMMtmpmKii«m!IfMi>>i»''''nf'V'f''W9''1i 
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IMioHi.KM  1ft.     To  nuiki'  an  <Miuilateral  triangle  with  a 
h.-itrht  ..f  l.:U   iiu'lu's  (Fi^.  •"^)- 

Tiik.-  ii  liiif  ClK  \..\\  inclifs  l(.ii<r.  Tlmnigh  D  draw 
.Mi  t(i  iiiiikt'  an 
;,nLfli'  <»f  '.'•1°  with 
('It.  At  ('  iiiiik«5 
;iiii,'li's  of  :'.0°  on 
,.ith.T  si.h-  of  r/) 
:is  ill  the  fitjun'. 
IIhii  CKF  is  the 
{■(lUililtlTill    tiiiiiiLrlc 


ri'tiuiri't 


I'lioiiLKM    11>.     To   niuki;    an   i.sus'.eU'S   triangle   with  a 
liright    of    .'.>»■►    ineh 
;iii(l  a  vfrticiil  angle 
nf  Sf,''  (Fig.  •l-\). 

This  is  siiiiihtr  to 
rrohlem  IH.  Itscon- 
struction  is  easily 
seen  from  the  tigure.  Vu..  -is. 


EXERCISE  X 


1.    How  long  is  this  line? 
How  large  are  these 
a    triangle    whose 
as    this    line,    and 


angles?  Make 
base  is  as  long 
whose  angles  at 


the  base  are  as  large  as  these  angles  ;  and  measure  the 
other  sides  and  angle. 
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2.    How  long  are  these  lines  ? 


How  large  is  this  angle  ? 
whose  base  is  equal  to 
height    is    eciual    to    the 


Make  a  triangle 
tlie  first  line,  whose 
seeond  line,  and  one 


of  wliose  angles  at  the  hase  is  as  large  as  this  angle.  Also, 
measure  the  other  sides  and  angles. 

.'}.  Make  two  triangles  two  of  whose  sides  are  equal 
to  the  lines  in  No.  l',  the  angle  opposite  the  smaller  line 
being  equal  to  that  in  No.  2. 

4.    How  long  are  these  lines? 


Make  an  isosceles  triangle,  whose  base  is  equal  in  length 
to  the  f.rst,  ar«^  whose  height  is  equal  to  the  other 
line.  Also,  measure  the  other  sides  and  the  three 
angles. 

5.    Make  an  equilateral  triangle  whose  height  is  equal 
.to  twice  that  of  the  isosceles  triantrle  in  No.  4. 


6.    How  large  is  this  angle 
How  long  is  this  line? 


•\ 


Make 

an  isosceles  triangle  whose  height  is  as  long  as  this  line 
and  whose  vertical  angle  is  as  large  as  this  angle. 

7.  Describe  a  triangle  having  two  sides  2^^  and  3| 
inches  long,  respectively,  the  angle  opposite  the  second 
being  85°. 

8.  Draw  a  tiiangle,  the  SBides  of  whica  arc  2.5,  3,  and 
3.5  inches,  and  make  another  triangle  equiangular  to  it 
on  a  base  of  3.75  inches. 
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9.  Draw  an  isosceles  trianufle  having  tlie  angles  at  the 
base  each  72°,  and  tlie  two  cMjual  sides  each  '2},  inelies  h)ng. 
.Measure  tlie  base. 

10.  Bisect  a  straight  bi.  A B,  -il  inches  long,  in  C, 
through  C  draw  CD.  1'  t  iui'li.-s  l^'ig,  making  the  angle 
f)CIl  »ia°.  Join  D  to  A  iud  H.  i  leasure  JjA  and  DB, 
and  the  angles  of  the  tri^agle    \  OB. 


imi 


CIIAI'TKIl    IV 

(^rAI)UlLA'l'KItAI.S 
J^OTK. —  ilHiidriliitrrnh  iir.'  liu'urr-.  Imiin.l.Ml  l.y  f.uir  straight  lines. 

I'kmI'.lem  "2".  'li>  make  a  si[Uan'  ini  a  liiir  ll.lt)  iiuhes 
Iuiil;  (  VvJi-  -4  ). 

Take  AB,  a  line  "2. It*  iiiclu's  Iihilt-  At  caili  cml  draw 
a  liiit;  U|i\\ai'«ls  to  luakf  an  aiiLflt'  "f  !'"'  willi  AH.      Make 


the  lines  ^Z>  and  BC  each  2. 10   iiiclies  h>ng.      Draw  a 
line  from  0  to  I).     Then  ABCD  is  the  square  required. 

Note.  —  A  square  li«,s  all  its  sides  e(iual  and  all  its  angles  90°  in 
■ize.     The  diagonals  are  the  lines  joining  opposite  corners. 

28 
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riiouLEM   21.     To   iniike  u   ilu)nilnis   on  a  base   1.67 
inches  lonir.  and   with  one  of  the  angles  at  the  base  69** 

(Ficr.  25). 

Di — 


^1 


1.07 


Fi. 


Takr  AB.  ;i  line  l.tlT  iinht-s  hnvj,.  At  A  make  tlie 
aii-lr  />.!/>  <ill=.  and  al  H  niak.-  tlic  an-lr  AI'^C  \\V. 
^bd^.•  .l/^and  B<'  vAvh  l.f.T  inchrs  lonu'.  I»ia\v  a  line 
I'lnni  C'to  />.      Thru  AliCIt  is  the  rhondms  itMiuin'ii. 

\-oii;.  _.\  rhoiiihn^  lias  all  its  .si.l.'s  .Miual,  ImH  iin  aii-i.' nf  !t(l  .  I£ 
uiif  uiinle  is  til)  ,  th.'  aii-k'  near  it  is  ISO    --  ti!)';  liuit  i.s,  is  111  . 

rU()i;l,i;M    22.      To    make    a    rcctanLdi-    wIhisc    adjacent 
sith's   ai'e    2.2.')  and    l.o3    ^ 
inclies   lung  ifsjit'ctivcly 
(Fig.  2<i). 

Thf  nu'tliod   of  draw- 
incr  is  easily  st'cn  from  the     - 
accompanying  tigure. 


XoxE.  —  A  rertmif/le  lias  its 
opposite    sides    ]>arallol    ami    A 
all  its  angles  00*^  in  size. 


"i 


«titwttttitHimiwiinMimtiinin.i 


•U»t»t«U<uu_i^(,  ,j 


SO 
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pROiii.EM  2;].     To  niiike  a  parallelogram  wliose  ad' 
cent  sides   an- -2  a,i<l    l.ls  inelies   ion.,,  respectively  a.   , 
meet  at  an  aiiq'lc  of  1:\°  (Fju-.  1^7  ,. 

Take    AJi.  a 
/ine     2     indH-s  ^^/  '  ' ^O 

loilfr.  At         .1 

Jiiakt'  tl :(•  aiiL,r|,. 
JiA/)  T.r,  and 
at  Ji  make  the 
iiU'^liiABCli)':''. 
-Make    .l/>    and 


BO    eacli     1.18 


I- 1..  :;: 


inches  loner.     J^ui  C  to  Jj.     Then  .l/yc'/>  is  tlie  parallelo- 
gram re(iuired. 

Note.  — A  jmmllelocjram  has  its  opposite  sides  parallel.  If  one 
angle  is  (3°.  an  adjacent  angle  is  107=^.     107  =  180-73 

VVhen  one  angle  of  a  parallelogram  is  00°,  the  figure  "is  a  rectangle. 

\V  hen  two  a.Ijacent  sides  of  a  rectangle  are  equal,  the  figure  is  a  snuare. 

When  two  adjacent  sides  of  a  parallelogran.  are  equal  e-nd  meet  at 
«n  angle  other  than  90^  the  figure  is  a  rhombus. 

EXERCISE  XI 

1.  In  Fig.  24,  [i  AC  and  BD  be  drawn,  s^how  that 
they  are  ecjual  and  bisect  one  another  at  angles  of  90° 

2.  In  Fig.  25,  if  vl6^uld  BD  be  drawn,  show  that  they 
are  not  equal,  but  bisect  one  another  at  angles  of  90° 

3.  In  Fig.  26,  ilAC  and  BD  be  drawn,  show  that 
they  are  Kjual  and  bisect  one  another. 

4.  In  Fig.  27,  if  AC  and  BD  be  drawn,  show  that 
they  are  not  equal,  bnt  bis^ect  one  another. 

5.  In  Fig.  24,  bisect  AB.BC,  CD.  and  DA  in  £',  F,  G.  and 
S,  respectively.     Show  that  the  figure  EFQH  is  a  square. 


'»»"i;.-'»SH««ail:,. 
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6.  Similarly  iu  Fig.  2.>,  show  that  the  figure  EFGH 
is  a  rectangle. 

7.  Simihirly  in   Figs.  2G  and  27,  show  tliat  tlie  figure 
EFirH  in  eacli  is  a  i)aralle]ograni. 

S.  Lettering  a  parallelogram  as  in  Fig.  27.  take  AB 
0.4G  inches  long.  AD  2.0")  inches  long,  and  angle  at  A 
;")7'.  Hisect  AB  in  E  and  C7>  in  F.  Joiu  AL\  FD,  und 
HF,  and  measure  the  segments  into  which  ^C'is  divided. 
'.*.  Take  a  line  o.ti  centimeters  long,  and  on  it  describe 
a  sijuare. 

10.  .Make  a  rhombus  on  a  base  of  2.74  inches  and  with 
out'  of  the  angles  at  the  base  120°.  Letter  it  as  in  Fig.  2.'). 
On  AH.  as  ;i  base,  describe  a  t riaiigle  ^/y/^'so  tliat  A  A' shall 
c(iiial  l.tiS  inches  ;iii(l  />' A'2.<i;t  indies,  .b.in  /v'tor/aiid  />. 
and  measure  the  lines  EC  and  EI>  and  the  angles  at  E. 


I'nonivK.M    24.      'Vu  make  a  squaTC  one  of  whose  (Umlto- 

nals  is  2.»)2  inches  long.     ^ 
From   Example   1    oi 

Exercise   XI   it  is   seen 

that  the  diagonals  of  a 
11  square    are    ecjual    ami 

^  bisect    t)ne    another    at 

angles    of    lt0°.       Take 

AB,   2.r,2    inches    long. 

and  bisect  it  in  E.      At 

E  make  AFJCixmX  A  FI> 

angles     of     90°     each. 

Make  E(J  and  ED  eacli   a^ 

1.31  inches  long.     Join  ^'"-  -'^• 

fi  A  and  B  to  C7aud  B.     Then  ABB  0  in  the  square  required. 


iimril  iiii  »il" I 


t**mfftmtiM»isa«toiT^,v-* - 
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Phoblem  25.     To   iiiiike   a  rlionibus   whose  diagonals 
are  8.02  ami  2  inrlics  loii",'  rcspcftivt'ly. 


Kn  .  ■_>!' 


Tilt'  (liii!.,'niials  of  a  rlioinhus  hisuct  one  another  at  angles 
of  !'<P  Take  A/i,  a  lint-  :).02  inclios  long,  and  bisect  it 
in  f-:.  At  A'  mak,.  A /JC  and  JAY/  angles  of  90°  each. 
Makr  A'C'aiid  /•;/>  carh  1  inch  long.  ,I,,in  A  and  B  to  6^ 
and  JK      Then  AhHC  is  the  rh()nd)ns  remiiied. 

PiioisLKM  2('.  To  make  a  roclan'jfle  whose  diagonals 
are  L'.S2  inches  (>aeh  in  length  and  inclined  49°  and  131' 
to  one  another. 
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Take  AB,  2.82  inches  long,  and  bisect  it  in  F.  At  J57 
make  ^i^f  and  AED  angles  of  13r  and  4l>''  respeetively. 
Make  ^76"  and  IJJJ  each  1.41  inches  long.  J(jin  ^1  and  £ 
to  C' and  />.     Then  ADBC  \a  the  rectangle  required. 

I'koblkm  27.  To  ni'ikea  parallelogram  wiuisc  diagonals 
are  3.44  and  1.72  inches  long,  respectively,  and  inclined 
at  angles  of  11*)°  and  ♦JT'  to  one  another  (Fig.  -n). 


Fi<i.  .11 

The  method  of  drawing  is  easily  seen  from  the  accom- 
panying figure. 

EXERCISE  XII 

1.  In  Fig.  2?^.  how  long  is  .4^'or  CB  or  BT)  or  DAI 
How  large  is  tlie  iingle  CAD!     CA  h  ' 

2.  In  Fig.  20,  how  long  i^^  AC .'  Flow  large  is  tiie 
angle  ('A  I)  '     How  large  is  the  aii-Ir  ADB  '     A  IfC.' 

••').  In  Fig,  .'lO.  lu,\v  l.ui^r  is  A<"  How  long  is  AD? 
How  large  is  the  aii^le  DAC  .'      ('All  '. 

4.  In  Fig.  31.  how  Ioiil^  is  AC  How  long  is  T /)  ' 
How  large  is  the  angle  BAC!    H(»w  large  is  the  angle  .4  < '/? .' 

o.  On  a  reduced  si-ale,  represent  a  diamond-shaped 
])ane  of  glass  whose  greatest  length  is  12  inches  and 
greatest  breadth  5  inches. 


BHi 
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6.  Draw  a  i)arallel()jrrani  of  which  one  side  shall 
measure  2^  inclies,  and  the  distance  between  it  and  the 
opposite  side  shall  be  U  inches.  One  angle  of  the  ti^ure 
is  to  be  30°.  *' 

7.  Take  a  line  1  ijich  long  and  on  it  draw  a  square. 
On  each  side  describe  an  eijuilateral  triangle  with  tiie  ver- 
tices outward.  Join  the  vertices,  and  shn\v  tliat  the  figure 
formed  is  a  square.     How  long  is  each  side  of  this  scjuare  ? 

8.  The  diagonals  of  a  i)arallelograni  are  2.4  and  4.2 
inches  long  and  contain  an  angle  of  ()4°.  Construct  the 
parallelogram,  and  measure  its  sides. 

U.  Make  a  s(iuare,  one  diagunal  being  .3.9(5  inches. 
Letter  if  as  in  Fig.  2«.  liisect  AR\  FJi.  CE,  and  FJk  and 
show  that  the  middle  iH.iiUs  uf  these  lines  are  at  the  corners 
of  a  S(juare. 

10.  The  di;igoiials  of  a  rectangle  are  1.4  decimeters 
long  and  are  inclined  at  an  angle  of  5;]°.  Draw  the 
rectangle  and  measure  its  sidc\s. 


'A 


PuoiiLKM  2S.  To  draw  a  quadrilateral  when  its  four 
sides  are  1.11,  .77,  1.07,  and  l.."  inches  long,  respectively^ 
and  the  angle  formed  bv 
the  tirst  and  second  lines  is  '^^ 
lor  (Fig.  82). 

Make  AB  a  line  of  1.11 
inches  and  ABC  dw  angle  of 
lOr.  Cut  off  7?C  equal  t(» 
.77  inch.  With  C  as  centre. 
and  with  a  radius  equal  to 
1.67  inches  describe  the  arc 
of    a   circle..      With   A   as 
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centre,  and  with  a  radius  equal  to  1.3  inches  describe  the 
arc  of  a  circle,  'riif  two  arcs  meet  at  D.  .loin  D  to 
A  and  C.     Then  ABCD  is  the  quadrilateral  required. 


PuonLEM  2!).  The  base 
of  a  ([uadrilateral  is  1.21 
inches  ;  the  anj^les  at  the 
base  are  03°  and  107°, 
res{)ectively  ;  and  the  sides 
adjacent  to  the  base  are 
1.4  and  1.14  inches.  Draw 
the  quadrilateral  (Fi^.  3-5). 

'I'he  method  of  drawing 
is  easily  seen  from  the  ac- 
com[)anyinLf  ligure. 


EXERCISE  XIII 

1.  In  V\<i;.  32,  measure  the  anfjles  at  A,  C,  and  i>, 
Tlieir  sum  added  to  lUT  sliould  be  3t;o°. 

2.  In  Vv^.  33,  measure  ('/>.  and  the  ant^des  at  O'and  i>. 
The  sum  of  the  four  ani^des  should  be  3t»()''. 

3.  Letterini,'-  a  ladrilateral  as  in  Fi-,'.  33,  take  AB^ 
2.00  inelies.  BC.  1.78  inches,  and  ans,des  at  A,  B,  an.l  C, 
8;")°.  <»3°,  and  117°.  respectively.  Draw  the  quadrilateral. 
Also  measure  AD  and  DC. 

4.  In  the  fi^nire  of  No.  3,  bisect  AB  in  F,  BC  in  F, 
CD  in  a,  and  AT)  in  H.  .loin  FF,  FG,  Gil  and  HF. 
Sh.ow  tliat  EFGH'xii  a  parallclotjjTani. 

5.  Draw  the  quadrilateral  ABCD,  and  measure  its 
four  angles,  when  AB  ='l.'o  inches,  5(7=3.1  inches, 
(7i>  =  4.3  mches,  DA  =3.5  inches,  and  ^C  =  4.09  inchea. 


i'i^\ 
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MEt'lIANICAL    DRAWING 


6.  Dr\w  tlKMiuadriliitoral  A/iClK  wlicn  AB=  1.1  cm., 
AC=  ').(")  cm.,  A/>  =  O.y  cm.,  aui^lv  liAt'=  47°,  and  an^'le 
VAD  =  :J2^      How  lontr  arc  BO  and  C'/>  / 

7.  Make  a  (juadrilatcral  ABCI)  wlicii  AB  and  ^4/>are 
•each  equal  to  'lAH  inclics  and  meet  at  an  ani^le  of  .'iti",  ami 
.BCand  Ci)  are  each  equal  to  l.»>  inches.  How  large  are 
the  angles  at  B,  0.  and  />  ? 

8.  lake  a  line  2.J]o  inches  long  and  on  it  describe  two 
equilateral  triangles.  Show  that  they  make  np  a  rhombus. 
What  is  the  length  of  the  longer  diagonal  '/ 

'.♦.  Draw  the  figure  AliClK  when  AB  =  A  inches, 
BC=1  inches,  angle  .1  =  U'J",  angle  // =  oO°,  angle 
C=\-ir.  Hiseet  AD  in  K,  and  BC  in  F.  Measure 
i)C'aiid  EF.  The  length  of  ^F  slumld  be  half  the  sum 
of  the  lengths  (»f  />C'and  .1/^. 

10.    In  the   figure  of  No.  9,  show  that  DCand  .4^  are 
parallels.     What  is  the  distance  between  them  ? 

Note.  —  The  tigure  in  Xu.  y  is  a  trapezium.     Detine  a  trapezium. 


'—• TS.;»»,T'«j|^  , 
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CHAPTER   V 


All  HAS 

Hy  the  area  of  a  fii^uro  is  meant  the  amount  of  space 
^vitlull  its  l)()UU(lary.  The  area  is  expressed  in  square 
centimeters,  square  meters,  s<}uare  inches,  scpiare  miles, 
etc.      The  shaded  part  of  Fi^'.  :\\  is  a  stjuare  centimeter. 

riioiu.KM  :]<»,  A  reetan<]fh^  is  ;">  centimeters  long  and 
.'?  centimeters  wide.      Find  its  area  (  Fig.  '.l\ ). 

Draw    a    rectangle 
of   the  given  dinien- 
.sions.        Divide     the 
length  into  .">  and  the 
width    into    -1    equal   3^, 
<livisi(ins.       Through 
these   divisions  draw 
parallel    lines    as    in 
Fig.    84.       The    rt'c- 
tangle  is  now  divided 
intii  1.)  squares,  each  equal  to  a  s(juare  centimeter.     There- 
fore the  area  of  tlie  rectangle   is   1.")  scpiari^  centimeters. 
Notice  that  5  x  -5=  In.      Hence,  the  area  of  a  rectangle  is 
tMjual  to  the  j-roduct  of  its  li  ngth  aiid  wiiltii. 

Problem  31.  A  parallelogram  is  on  a  base  5  centime- 
ters long  and  has  a  perpendicular  height  of  3  centimeters. 
Find  its  area  (Fig.  35). 

37 
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Miike  a  i>iirall('lu;,'iam  AlK'lK  liaviiit,'  its  liasc  AH  ■")  (■cii- 
tiiiii'tfi-s  l(iiit;',  ami  it^  piipciulifiilar  !ifii,'lit  li H  '■'>  cfiiti- 
iiu'tcrs    liiiit,'.        |-j'fit    tin-   jMMjifiitliciilai-    .1/'  aiiW    i'\tt'ii<l 


CD  to  iiifi't  it  at  /•'.  l)y  ini'asurfiiifiit,  F.iJ  is  fourul  to 
he  as  loiiLif  as  /•'/>.  />/v'  as  Ioiil;'  as  .1/'',  and  y>C'as  loiitr  as 
Ah.  'l"ht'i-ft'i.ir,  the  triaiiL,'lc  /i/J''i<  ot"  tin-  saiiif  si/.c  as 
the  triaiii^Mc  AF/K  II'  we  takt-  the  triaii-lc  />AV.'  fiuin 
llif  riL,''lit  liaml  sidf  ot'  the  {»arall('l()t,M'aia  yl/y<7>aii(l  put 
it  (III  tilt'  otiit'i-  side,  we  lia\t'  the  li^Mitf  A/ih'F,  which 
must  he  iMpial  ill  area  t<»  the  parallelogram  A/K'/f.  Now 
ABFF  is  a  rrctaiitrh'  and  its  area  is  .">  x  •")  —  1")  s(|uare 
centinu'ters.  'riu'ri't'oi'c  the  area  of  the  ])aralU'Io(,'rani  is 
15  s([uaie  eentiiiieters.  Ilenee,  the  art'a  of  a  parallelnp^ram 
is  equal  to  the  prodiul  of  the  leng'th  of  its  base  and  j)cr- 
pendicular  heii,dit. 

NoTK.  —  Tlu'  j)«rpendicular  lioight  is  often  callfd  tl»e  nUllud^. 

I'liORLKM  82.  A  triaucfle  is  on  a  base  4  centiineters 
long,  and  has  an  altitude  of  3  centimeters.  Find  its  area 
(Fig.  30). 


AHKAS 


3J> 


Miikf  ;i  triant,'l('  Ali(\  luiviiij,'  its  hiisc  AB  \  ctMitimftfrH 
l<»iii,',  :iii(l  its  ;iltitu.lf  ('h  W  <  fiitiiiu-tfrs  lon^'.  Dniw  HE 
|.iiralU-I  t.)  JC'aiid  ('A' pa  mil. •!  to  AH.     'VUvw  AHF.C'xa  a 


4  oiu. 


Fi(i.  3«; 


paralleloj^ram  ami  its  area  is  12  square  centimeters.      By 

ineasureinent,  CE  is  found  to  be  equal  to  AH,  and   EH  to 

CA.     Therefore  the  trian<,'le  HEC  \h  etpial  to  the  triangle 

ABC.     Now  both  make  up  the  parallelogram  ^5J?C.    The 

triangle  ABC  is  one-half  of  the  parallelogram  A/H'D^and 

therefore    its  area  =  t'  square   centimeters.      Notice    that 

4x3 
-^.      Hence,  the  area  of  a  triangle  is  equal  to  one- 


6  = 


half  the  product  of  its  base  and  altitude. 

PuoBLKM  33.  A  quadrilateral  has  sides  of  IJ,  1,  1^, 
and  1§  inches,  and  the  angle  formed  by  the  first  and  sec- 
ond is  103°.     Find  its  area. 

1 .  [divide  the  quadrilateral  into  two  triangles  by  joining 
D  to  B.  ATnasv.rp  the  h-ngt'ss  of  DH  and  the  perpendicu- 
lars upon  it  from  A  and  C.  Find  the  area  of  each  triangle. 
The  area  of  the  quadrilateral  is  equal  to  the  sum  of  the 
areas  of  the  triangles. 
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MiniANICAL   DRAWING 


1  .         1  "   ^   —^  'igure  into  triaiKrles  imv 

'-  ->pl..y..l  ,n  nndin,  the  area  of  iigares  bounci;;!^!:;.  :::t 


This  meth.,,1  of  ^lividincr  the  f^rrnvo 
t'luphnc.i  in  findiiifT  i 
nunihcr  of  stniijrlit  lines 


Ki«.  ;;:. 


The   areu    ,.f   tlu-    (rian-lc  ^  ^ --'^  x -.47  _      -^„. 

.,  —  i.')^V>    s(|uare 

niches,      '^rhi'ivfiii-i.  i].  r     . 

Tl,is  n..th.d  of  n.du<.in^  the  ,uadnhuen.l  to  a  tnan^Ie 

o    «'MUaI  area  n.aylH.  extended  to  iinJ  the  area  of  h';' 
•>f  any  2nnnl,er  „f  shies.      Fur  exnnnl..    •.     "       '.     \J''''^ 

'»"V   1)0  nMlnee.1   t<.  a  live-sided   one,  and  then   to  -^  fonr 

«uio.l  one,  and  then  nMhetnan„e.     See  Pn.hll;;  jlo     "" 

EXERCISE   XIV 

seU  on'''  n  r'r"''  i  '"'■'"'  ""  ^^  ^'^«-     ^^y  drawing  two 
sets  of  j.aralh']   Imes  1    ineh  apart   ^how  t]\i   iV-  . 

the  snirira  .-u  lt^  •     ,     -4'1't)  ^{'OM  tluit  the  urea  of 

me  square  is  lb  square  inches. 
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•2.  Draw  a  iiarallelo<:fram  whose  two  adjacent  sides  are 
4  iiK-lifs  and  8  inches  long  and  meet  at  an  angle  of  G4°, 
and  tind  its  area. 

3.  Draw  a  tiiangle  whose  sides  are  2.7,  o.4,  and  4.1 
inches,  respectively,  and  tind  its  area. 

4.  Multiplv  2.7  liy  tlic  length  of  the  periieiidicnlar  on 
that  side  from  the  oiiposite  angh'.  Similarly,  multiiily  3.4 
ami  4.1  l)y  the  1  ■  -ths  of  the  [)eri>endicnlars  from  the 
(ijilMisile  angles.      The  three  [jnnlncts  shoidd  l)e  the  same. 

;').  Draw  the  (jnadrilateial  ABCD,  when  AB=-\.'l 
iiiehes.  y^C=  :'..;»  inches.  C7>==4.7  inches.  [)A  =  4.3  inches, 
and  the  diagonal  .IC'—  ">.t">  indies;  also,  lind  its  area  hy 
lioth  methoils.       llnw  closely  do  the  two  results  agree? 

tl.  Draw  a  rectangle  whose  sides  are  4  inches  and  2| 
inches,  and  <lraw  a  sijuare  of  the  same  size. 

7.  AliCft  is  a  trapezium.  Ali  —  \  inches,  AD=-\ 
inch.'s.  /X'=  »;  inches,  angle  at  .4  ^  :•<)",  augU-  at  /^=  ;tU-\ 
Di'aw  the  trapezium  and  tind  its  area. 

5.  Draw  a  ([Uadrilateral  when  one  of  its  diagonals  is 
:').',  inches  long  and  the  iieri)endicalars  on  it  from  the  oppo- 
site angles  are  2]  ;tnd  '1\  inches  hmg.  Find  its  area. 
Also  reduce  it  to  a  triangle  of  eiiual  area  and  lind  the  area 
of  the  triangle.      IIow  closidy  do  tlie  two  results  agree? 

!».  A  trapezium  AB('D  has  .4/^  =  4.8  inches.  Z>C"=3.2 
inches,  the  perpendicular  distance  between  the  paralhd. 
sides  AB  and  CD  —  ;?  inches,  and  angle  at  A  =  54°. 
Find  its  area  by  reducing  it  to  a  triangle  of  equal  area. 
The  answer  is  12  square  inches.     Notice  that 

,3^4.8  +  3.2^3^ 


'if A 


Can  you  deduce  the  rule  for  finding  the  area  of  a  trapezium? 


42 


MFXIIANICAL   DRAWING 


10.  A  bam  lias  these  dimensions  :  Length  =  50  feet, 
brea(Uli  =  40  feet,  height  of  corner-post  =  If)  feet,  and 
height  of  gable  31  feet.  Draw  (1)  a  rectangle  to  repre- 
sent one  side  of  the  barn,  (2)  a  rectangle  to  represent  one 
side  of  the  roof,  and  (8)  a  tive-sided  tigure  to  represent 
one  end  of  the  barn.  Find  the  area  of  each  figure  and 
that  of  the  whole  outside  surface  of  the  barn. 

MISCELLANEOUS  EXERCISES 

Note.— Exercises  taken  from  the  examination  papers  set  for 
entrance  to  the  high  schools  of  Nova  Scotia  are  indicated  by  the 
word  Entrance. 

1.  Draw  parallelogram  ABCD,  making  the  sides  AB 
and  AD  2  and  1|  inches  long,  and  the  angle  BAD  70°. 
Measure  the  other  sides  and  angles. 

2.  A  rectangular  lawn  has  a  flower  bed  in  the  centre. 
The  lawn  is  520  feet  long  and  240  feet  wide.  The  bed 
is  rectangular  and  is  12  feet  long  and  8  feet  wide.  Draw 
the  diagram  on  the  scale  of  100  feet  to  an  inch. 

3.  The  three  sides  of  a  triangle  are  24,  32,  and  40. 
'Construct  the  triangle  and  measure  its  angles.  (Entrance, 
1893.) 

4.  A  man  wishes  to  find  how  far  a  buoy  is  from  the 
shore.  When  he  is  abreast  of  the  buoy  it  bears  directly 
east.  When  he  has  walked  600  feet  directly  north,  he 
notices  that  the  buoy  bears  southeast.  How  far  off  is  the 
buoy  from  his  first  place  of  observation  ? 

5.  Take  a  line  2.37  inches  long  and  on  each  side  of  it 
describe  an  equilateral  triangle.  What  is  the  shape  of 
the  quadrilateral  formed  ?     Measure  its  longer  diagonal. 

6.  The  foot  of  a  ladder  is  placed  on  level  ground  27 
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feet  from  the  side  of  a  house,  ami  the  end  reaches  a 
window  SC)  feet  from  the  jjroiind.  Find  llie  h'liirtli  of 
tlie  hidder  and  its  angle  of  elevation  with  reference  to  the 
it.'vel  ground.      (Entrance,  ls;»4.) 

7.  Draw  a  triangle  whose  sides  are  I'.o,  1 .7,  and  i!.'.^ 
inches.  Join  the  middle  jxtints  of  the  sides  to  the 
opposite  angles. 

.S.  In  the  centre  of  a  square  garden  is  a  siptare  lawn 
'24  feet  on  a  side.  Outside  of  tiie  law  n  is  a  gravel  walk 
4  feet  wide,  and  then  there  is  a  tlowei'  border  (»  feet  with'. 
Draw  a  diagram  to  represent  the  lawn.  walk,  and  horder. 

\K  Make  an  isoseeles  triangle  on  a  l)ase  '2  inciu-s  lontr 
and  with,  an  altitude  of  -l  inches.      Measure  the  antrles. 

10.  A  rectangular  field,  800  yards  long  and  '  ')0  yards 
wide,  is  divided  into  four  equal  parts  l)y  two  hands  of  trees, 
'29  feet  wide,  and  parallel  to  the  sides.      He[)resent  this. 

11.  Draw  the  floor  plan  of  a  schoolroom,  as  neatly  as  you 
can,  to  the  scale  of  ♦>  feet  to  an  inch.      (Entrance,  18'.to.) 

12.  A  ship  sails  17  nules  due  east,  then  14  miles  due 
north,  then  "24  nules  due  nortlieast,  then  28  miles  due 
south.  Find  its  distance  from  the  point  of  starting,  and 
the  angle  made  with  the  north  and  south  line  by  the  line 
of  distance.     (Entrance,  1895. ) 

18.  ABCD  is  a  field.  AB  =  400  feet,  BC=  500  feet, 
CI)  =  550  feet,  angle  at  ^=110°,  angle  at  (7=80°. 
Draw  the  field  and  reduce  it  to  a  triangle  of  equal  area. 
Find  the  area  of  the  triangle. 

14.  The  base  of  a  triangle  is  2.67  inches  and  the  angles 
at  the  base  are  62°  and  57°.  Construct  the  triangle  and 
measure  the  other  two  sides. 

15.  Construct  a  square  ABCD  on  a  line  4  inches  long. 
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In  AB  take  u  point  T)  1  iiu-li  from  A  :  in  JiC,  G  1  iiicli 
from  JJ  ;  in  (.VA  F^  im-li  from  T;  and  in  AlK  E  1  inch 
from  />.  .loin  />^\  (?/'.  FE,  and  /;/>.  Sliow  that 
I)EF(t  is  a  s(jnart*. 

Itj.  Ki-om  a  jioint  A  in  a  level  plain  a  sti'aii,dit  line  4-i2 
feet  lonjT  was  nieasnred  tt»  the  east  end  of  an  im{iassal)le 
swam]),  and  another  line  niakini;-  an  an^h-  of  (IS''  with  the 
Hrst  line  at  A  was  mcasnicd  .'JtiT  frcl  \u  the  west  t-nd  of 
the  swamp.  Find  In  constrnction  the  h'ni;th  of  the 
swamp  from  the  said  east  point  to  tiic  said  west  point. 
(Knt  ranee.  l-S'.lS.) 

17.  'I'wo  adjacent  sides  of  a  (piadi  iiaicral  arc  -\  and 
■5!  inches  loic'.  and  the  includcil  aic-lc  is  G-"'".  The  dther 
sich's  ai'c  ;>  and  4  inches,  ('(inslniet  tiie  li^iire.  ShdW 
that  the  nnddh-  points  of  the  sides  are  at  the  corners  ol 
u  ])aral!elo<,n'ani. 

18.  4'wo  straight  roads  meet  at  an  anijii'  of  4.V  and 
distaiU'cs  ah)nn'  them  are  mcasnrc(l  finm  the  cDinmon 
point.  How  far  is  the  lOth  milestone  on  the  one  road 
from  the  loth  milestone  on  the  other? 

!•.♦.  4'wo  perpendicnlar  trees,  u\w  (10  feet  hii^h  and  the 
Other  o7  feet  hii^di.  are  standini,^  .").">  feet  apart.  What  is 
the  <'istaiu-e  hetween  their  tops?      (  Kntrance.  l!>01.) 

20.  A  man  walks  8  miles,  tnrns  throiit,di  4o°  to  his  left, 
goes  half  a  mile,  tnrns  thronijfh  ;'<>"  to  his  left,  and  goes 
1  mile   farther.      How  far  is  he  from  the  starting-i»oint  ? 

\()TK.  —  When  lie  turns  throu^'h  4.")^  he  turns  tlirnui^'h  an  nnijlc  of 
45'^  fn-'Hs  tlir'  direction  iii  whir!;  he  would  have  gniie  if  Jn-  h;ul  \mt 
turned.  You  produce  the  line  beyond  the  point  of  turniiii,',  ajid  tiie 
oew  direction  will  make  an  angle  of  45°  with  the  prcjduced  part  of 
She  line. 
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21.  A  sliip  sails  east  from  A  124  miles  to  7?,  then  turns 
30°  towards  the  south  and  sails  llo  miles  to  (\  tiien  turns 
i!0°  more  to  tiie  south  and  sails  IT)*)  miles  to  I).  I  low  far 
is  I)  from  A  in  a  straight  line,  and  what  angle  d(»fs  AD 
make  witli  Ali^  (l-^ntrance,  lit04.)  .See  note  under 
Kx.  20. 

22.  Two  vertieal  poles  are  50  feet  apart  and  their  tops 
are  70  feet  apart.  The  shorter  pole  is  l.'j  feet  high. 
Wiiat   is  the  length  of  the  longer  pole  ? 

2:5.  BC  is  a  tower  standing  on  level  ground.  .1  is  a 
point  320  feet  from  the  base  of  the  tower.  Tlie  angle 
BA  C  is  2;?°       How  liigh  is  tlie  tower  ? 

24.  Draw  a  diagram  of  your  }ilayground,  marking  on 
it  the  tlower  beds,  ornamental  trees,  ete. 

2.>.  The  hands  of  a  elock  are  o  and  o^  inches  long 
respeetively,  AVhat  is  the  distance  between  theii' extrem- 
ities at  2  o'clock  ?     At  3.:]0  oV-loek  ?     At  !•  o"clo(;k  / 

2»!.  A  tree  48  feet  high  casts  a  shadow  30  feet  long. 
How  many  degrees  is  the  sun  above  the  liorizon  ? 

27.  If  the  sun  is  4<>°  above  the  horizon,  how  long  a 
shadow  will  be  cast  by  a  vertieal  i>ole  40  feet  high  ? 

28.  A  gun  having  a  range  of  o  miles  fires  ni>on  a  ship 
bearing  southeast  from  the  gun,  and  3  miles  distant  fron:  it. 
Thereupon  the  ship  sails  in  a  southwest  direction.  I  low 
far  must  it  go  in  this  dii-ection  so  as  to  reach  a  point  just 
out  of  range  of  the  gun  '.' 

21t.  Take  a  line  4  inches  long  and  one  2  inches  long, 
and  by  means  of  the  protractor  deseribe  an  e([uilateral 
triangle  on  each.  Find  the  areas  of  the  triangles.  How 
many  times  greater  is  the  former  than  the  latter  ?    . 

30.    A  vessel  sails  30  miles  due  west :  it  then  turns  north* 
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east  and  sails  till  it  readies  a  point  clue  north  of  the  point 
left,  and  then  sails  directly  for  this  point.  IIow  far  did 
U  sail  all  tosrether  ? 

31.  AIU'D  is  a  quadrilateral  field.  B  is  due  west 
from  A  ;  (',  northeast  from  B  ;  7>,  due  east  from  C :  AB 
is  45U  yards  lon<i:  ;  BO,  400  yards  ;  and  CD,  500  yards. 
IMot  the  held  on  a  scale  of  100  yards  to  an  inch,  and  hnd 
its  area. 

;3-2.  A  railway  runs  2  miles  direct  from  A  to  B  and  then 
turns  to  the  left  through  an  angle  of  00°  and  goes  straight 
on  to  C  for  8  miles.  Draw  a  diagram,  2  inches  to  a  mile, 
and  measure  the  distance  from  A  to  C  direct. 

3;}.  Make  a  diagram  of  a  four-sided  field  from  the  follow- 
ing data  :  A  surveyor  walks  along  one  side  for  a  distance 
of  320  yards  ;  then  he  turns  to  the  right  80°  and  walks 
along  the  second  side  for  a  distance  of  440  yards  ;  then  he 
turns  to  the  right  90°  and  walks  along  the  third  side  for 
a  distance  of  300  yards.  What  is  the  length  of  the  fourth 
side  of  the  held?     What  is  its  area  ? 

34.  Take  a  line  AB  4.37  inches  long  and  bisect  it 
in  C.  Through  C  draw  a  line  BE  at  right  angles  to  AB. 
Make  I)C  2.06  inches  and  EC  1.97  inches.  Show  that 
AE  =  BE  and  AD  =  DB. 

35.  A  man,  standing  40  yards  from  the  foot  of  a  tower, 
finds  that  the  top  of  the  tower  is  20°  above  the  level  of 
the  eye  ;  and  in  making  the  observation  his  eye  is  5  feet 
above  the  level  of  the  ground.     How  high  is  the  tower  ? 

36.  Northwest  from  my  house  and  423  j-ards  from  it  is 
an  oak  tree  ;  southwest  from  the  tree  and  379  yards  from 
it  is  a  well.  Draw  a  plan,  and  find  how  far  the  well  is 
from  the  house. 
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37.  The  wire  stay  of  a  telegriipli  i)ule  is  fastened  to  the 
top  of  the  pole  and  \o  a  point  in  tiie  ground  8  feet  from 
its  foot,  and  makes  an  angU'  of  05°  with  the  ground.  Kind 
tlie  length  of  the  wire  and  the  height  of  the  pole. 

:38.  To  measure  the  breadth  of  a  river  a  man  i)roeeeded 
tluis  :  He  placed  a  pole  A  on  one  bank  exactly  opi)osite  to 
a  tree  B  on  the  other  bank  ;  he  then  walked  HO  paces  to 
C  so  that  AC  was  at  right  angles  to  AB  ;  and  at  0  he 
measured  the  angle  ACS  and  found  it  to  be  ryi)\  What 
is  the  breadth  of  the  river  ?     (A  pace  is  80  inches.) 

89.  yl  and  B  are  two  forts  8  miles  apart.  A  being  due 
north  of  B.  An  opposing  force  is  encamped  at  C  whose 
direction  from  A  is  S.  8o°  E.  and  from  B  N.  20°  K.  How 
far  is  the  force  fn.m  tlie  nearer  f-.rt  ?  (  liy  C  bring  S.  ;'.;»° 
E.  from  A  is  meant  that  C  is  towards  ihi'  south  and  that 
CA  makes  an  angle  8o°  with  the  north  and  south  line 
througli  A  and  on  the  east  side  of  it.     TliC  angU'  CAB  is 

therefore  80°.) 

40.  A  cross-bar  is  fixed  on  the  tops  of  two  pc.sts  which 
are  16  feet  high  and  10  feet  apart.  A  swing  2  feet  wide, 
3  feet  from  the  ground,  and  midway  between  the  posts  is 
fastened  to  the  bar.     Make  a  diagram  to  represent  this. 
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Kiich  ano-U'  is  10S°. 


'S oTK.—  Poh/(/fiiis  have  riKii-f  than  fou- sides.  Rcfjular  polygons 
have  e  iiial  sides  and  eciuui  am.  ^.  Tiie  si/.e  of  an  angle  of  a  regular 
polygon  can  l.e  got  hy  the  following  rule:  Divide  ;}t;((  l,y  the  number 
of  sides,  and  siil.ti;icl  the  ([uotient  from  ISO.  The  remainder  gives 
the  nuini.er  of  degives  in  the  angle.  For  exanij.le,  a  decagon  has  10 
sides.  Kach  angle  of  a  regidar  .lecagon  is  determined  thus:  ;]()(»  ^  10 
=  :5f).     is  I-  :((!    :  11  J.     'rherefore  each  angle  =  141=^, 

I'lioMLKM  ;U.  To  (It'.sciil)e  a  regular  pentagon  un  a  base, 
1  12  inclies  h.iig.  and  to  find  its  centre  (Fig.  3«). 

A  ])('iitagon  haso  sides. 
3.'i() -=-;■)=  7 L\     ISO 

los. 

Tnke  All  a  line  1.1  L> 
inclies  long,  and  at  .1  and 

B    make    angles   ..f    108°  ^Vi'>«^  lotlO 

each.     Make.  I  A' and  BC 
each    1.1:.'   i  nelit  s  long. 

At   /;  and   (' make  angles      i-i2\  /  \  /i.i2 

of  10S°.  A'/>  and  ('// 
intersect  at  1).  Then 
ABCl^K  is  a  regidar  pen- 
tagon. To  iind  the  centre, 
hisect  the  angles  at  A  and  B  by  lines  meeting  at  F,  Then 
F  is  the  centre. 
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IZSRCISS  XV 

(On  Fig.  38) 

1.  Measure  ED,  CD,  and  the  angle  at  D. 

2.  Bisect  tlie  angle  at  F.  Measure  the  length  of  the 
bisector  from  F  to  where  it  cuts  AB,  and  show  that  it 
bisects  AB,  and  forms  an  angle  of  90°  with  it.  How 
large  is  the  angle  AFB? 

3.  Find  the  area  of  the  triangle  FAB.  How  many 
triangles  equal  to  FAB  will  make  up  the  whole  pentagon  ? 
What,  then,  is  the  area  of  the  pentagon  ? 

4.  Join  AC  and  BD.  Call  the  point  of  intersection  of 
these  lim's  //.  Measure  the  lengths  of  AH,  HC.  DH,  and 
JIfi.  Tlie  number  expressing  the  length  of  AC  multi- 
j.lied  by  that  expressing  the  lengtli  of  ^C  should  be  equal 
to  the  sipiare  of  the  number  expressing  the  lengtli  of  AH. 

').    Measure  the  distances  of  F  from  A,  B,  C,  D,  and  E. 

t;.  What  is  tlie  jterpendicular  distance  of  F  from  each 
of  the  sides  ? 

7.  How  far  is  A 
from  6'?  A  from  D! 
Bhnm  E!  BhomD'! 
C'from  E! 

Problem    35.     To  ^ 
describe      a      regular 
lifxatrou    on    a    base, 
1  inch  long,  and  to  fuul 
its  centre  (Fig.  39). 

A  hexagon  lla^  >i.x: 
sides.       3t)0  -5-  tj  =  (50.  Fig.  39. 

180  - 1)0  =  120.     Each  angle,  therefore,  is  120°. 
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Take  AB,  a  line  1  inch  Unvj;.  At  A  and  B  make 
an,t,'lt's  of  120°  I'acii.  Make  AF  and  BO  v.u-h  1  inch  h)ng. 
Make  an<,'h-s  at  /'and  C  1:.'0°  each  an.l  FfJ  and  CD  each 
1  inch  h)n^'.  .loin  ED.  Tiien  AB(\hKF  is  a  regular 
hexagon. 

To  find  the  centre,  bisect  the  angles  at  A  and  B  by 
lines  meeting  at  G.     Then  (r  is  the  centre  of  the  hexagon. 
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EXERCISE   XVI 

(On  Fiy.  -.v.)) 

1.    "Measure  ED  and  the  i.ngles  at  ^  ajid  D. 

•J.  How  tar  is  (/  from  each  of  the  angles  A,  B,  C.  D, 
E.  and  /'/ 

'■].  What  is  the  [)erj)endicular  distance  of  G  from  each 
of  the  sides  ? 

4.  What  is  the  area  of  the  triangle  .l(r 7? ?  What  is 
the  area  of  tin-  hexagon  ? 

5.  Join  (//>.  Show  that  G I)  bisects  the  angle  at  D, 
and  is  in  a  straight  line  Avith  AG. 

0.  Show  that  the  liexagon  has  three  pairs  of  parallel 
sides. 

7.  Join  E  to  A  and  Z>  to  B.  Show  that  the  figure 
EABD  is  a  rectangle. 

<S.  Join  G  to  C  and  show  that  tlie  figure  GABQ  is  a 
rhombus. 

i».  Join  B  to  F.  Show  that  BF  and  AG  bisect  one 
another  at  angles  of  \W. 

10.    Produce    FA    and    CB  to   meet   in   the   point  M. 
Show  that  the  triangle  AHB  is  equilateral. 
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T(i 

make 

a  pentagon 

ABCT)E,  when 

AB  = 

1.:},  BC== 

1.16, 

CU  = 

=  i.ur,,  DE 

=  1.32,  and 

EA 

=  1.1 
and 

2       inclit'H ; 

^^^ 

7) 

ABC 

=  113°.  and 

J^/ 

%k 

the  an-le  BCD 
=  lOr.  And  to 
reduce  the  penta- 
gon to  a  triangUi 
of  et^ual  area(^Kig. 
40). 

Take  AB  1.3 
inches  h)ng,  and 
BC  l.lt;  inches  h>ng,  and  CD  1.0*)  indies  h)ng.  I'hiee  AB 
and  BC  to  make  an  angh'  ot"  llo°.  and  CJf  and  BC  to  make- 
an  anujle  of  10l°.  Witli  7>  as  centre  and  with  a  ra<liu.s  of 
1.-V2  inches  descrihe  tlic  arc  of  a  ciri4e.  With  A  a.s  centre 
and  witii  a  radius  of  l.lii  iiiclies  (h\scril)e  tlic  arc  of  ik 
circh'.  The  two  arcs  intersect  in  K.  Join  E  to  A  atul 
Z>.      Then  AfiC/tE  is  the  j)eiitagon  i-ecpiired. 

To  I  1(1  a  triangh;  of  eipial  area  proceed  thus:  Join  I)J^ 
and  BA.  Measure  tlie  angh;  UBC  and  make  the  angle- 
BCG  ecpial  to  it.  In  other  words,  draw  CG  parallel  tf> 
BB.  Also  draw  EF  i)arallel  to  J)A.  Join  BF  and  BG, 
Then  the  triangle  BFGr  is  equal  in  area  to  the  peutagou 
ABCBE. 

EXERCISE  XVII 

1.  Make  a  regular  octagon  on  a  hase  .79  inch  long. 

2.  Make  a  nonagon  on  a  btuse  .79  incli  long.  Wliich 
takes  up  more  space  on  your  paper,  the  octagon  or  thfc 
nonagon  ? 
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3.  What  is  llie  sum  of  all  the  an^'les  of  the  penta^'on 
in  Kij,'.  liH?  In  Fig.  40  how  large  iii«  the  angles  IJAB, 
AED,  and  EDC ?     What  is  the  sum  of  all  the  tive  angles  ' 

4.  Make  a  pei  agon  Alit'DF,  when  the  following  aiv 
■jriven:  AJi=2.  inches,  angle  Ahf:=-2*'°,  angle  BAK  = 
84%  angle  lih'/f  =  76°,  angle  KliP  =  2M°,  angc  BI>C=  41% 
and  angle  1)BC='A0\      Measure  all  the  other  sides. 

T).  Draw  the  pentagon  when  the  angles  at  A.  B,  C. 
and  D  are  respeetively  '.»<)%  101°.  107%  and  1-2:'.%  and  the 
hase  AB  =  \An  in..  '^t'=l.:57  in.,  and  ('/>  =  l.tU  in. 
Measure  the  other  sides. 

0.    Make  a  triangle  eciual  in  area  to  the  pentagi)n  in 

No.  5. 

7.  ('onstruct  the  pentagon  when  the  angles  at  A  and 
B  are  W  and  110°  respectively,  and  AB,  BC,  ClK  I>E. 
and  EA  are  respectively  '2.  t^  l'^  'l^  and  2^  inches  h.ng. 

H.  Take  a  poiut  O  and  from  it  draw  six  lines,  OA, 
OB,  0(\  on,  OE,  and  OF,  whose  lengths  are  1.0.  2.8.  8.4, 
l.!>,  2.7.  and  -5.1  inches  respectively,  each  of  the  angles 
AOB,  B0(\  etc.,  being  00%  .loin  AB,  BL\  CD,  />A'. 
and  EF.     Measure  these  lines. 

<>.  Draw  the  pentagon  AliCDE  when  .4^  =  2.^)0,  AC^ 
=  300,  AT)=  200.  and  AE=  loO  yards:  angle  BAC^  :12% 
an<rle '(%!/>  =  40%  and  angle  7UA'=2i»°.  Measure  the 
Ifirgths  of  BC,  CD.  and  JtE.     Scale  100  yards  to  an  inch. 

V).    in    the   tigure   to    No.   W  reduce  the  (juadrilateral 
IB  CD  lo  a  triangle  of  equal  area.     What  is  the  area  .' 
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The  antjle  of  elevation  of  one  point  above  another  is  the 
allele  fornu'd  at  tlie  h>\ver  point  by  a  horizontal  line  and  a 
line  slopint,'  U{)\var(l  and  passing  through  the  higher  point, 
riie  nuifh'  of'  (li-prfUHion  of  one  point  below  another  is 
ihe  angle  formed  at  the  higher  point  by  a  horizontal  line 
and  a  line  shtping  downward  and  passing  through  the 
lower  point. 

runiu.KM  87.  At  a  horizontal  distance  of  21.5  feel- 
from  till'  bottom  of  a  tower,  the  angle  of  elevation  of  its 
toji  was  observed 
to  be  2.r.  Kind 
the  height  of  the 
tower.  Scale,  lOO 
feet  to  an  inch 
(Fig.  4T). 

C/i      re[)resents 
the  t<iwer  :    A,  the 
point    of    observa- 
tion; AB.  tilt'  horizontal   distance;  and   CAB,  the  angle 
of  elevation   of  6'  above  A. 

The   method  of   construction   is  easily  seen   from   the 
accompanying  figure. 

Measure  CB  and  neatly  record  its  length. 
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riiOHLKM  38.  A  tower  stands  in  a  level  plain.  At  a 
point  in  tl.e  plain  the  an^'le  of  elevation  of  the  top  of  the 
tower  i.s  12.-,°,  and  at  a  point  VM  feet  nearer  to  the  tower, 
the  an.'le  of  elevation  of  the  top  of  the  tower  is  »;t>^ 
Find  the  height  of  the  tower.     Scale,  100  feet  to  an  inch 

(Fii?.  4ii). 

Take  a  point  A  and  from  it  draw  a  horizontal  AD,  19 
inches  Ion-.     At  A,  make  an  angle  of  :L5%  and  at  B.  au 


I'M  f^'ct 


Fio.  42. 


angle  of  C,U°,  as  in  the  accompanying  figure.  Produce  the 
arms  of  these  anglos  to  meet  at  C.  C  represents  the  top 
of  the  tower.  I>raw  CB  to  make  an  angle  of  00°  with 
AD  produced,  l^hen  LB  represents  the  tower.  Measure 
its  length  and  neatly  enter  it  in  yt)ur  diagram. 

Problem  30.  From  the  summit  of  a  liglithouse  62  feet 
high,  standing  on  a  rock,  the  angle  <.f  depression  of  a 
ship  is  40°;  an.l  at  the  bott(mi  of  the  lighthouse,  the 
angle  of  depression  is  35°.  Find  the  liori/ontal  distance 
of  the  ship  and  the  height  of  the  rock.  Scale,  100  feet 
to  an  inch  (Fig.  43). 
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Take    AB,    a    vertical 
line  .62  inch   in  Iciiirth. 


D 


raw 


All, 


a    horizon 


tal 


line  through  ^.  and  make 

the     angle    HAS    4(3°. 

Similarly  make  the  angle 

KBS  3.3°.     Produce  the 

arms   of    these   angles  to 

inect  at  S.     iS  re}iresents 

the  ship.     Krum  it  draw 

SO,     a    liorizontal     line. 

Produce  AB  to  meet  SC  q 

in  C.     SC  represents  the  Fkj.  43. 

horizontal   distance  of   the  ship,  and  BC  the  height  of 

the    rock.      Meas-  —  e.  29 

lire  these  lines  and 

enter  their  values 

in  your  diagram. 

Problem    40. 

Suppose  a  vessel 
to  leave  Halifax 
and  upon  the  fol- 
lowing courses  and 
distances :  east  29 
miles;  southeast 
37  miles ;  south  10 
miles ;  southwest 
40  miles,and  north- 
west 23 miles:  find 
the   direct   course 


U 


i- 1 


ll 
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and  distance  from  Halifax  to  tlie  last  position  of  the  ship 

(Fig.  44). 

The  nu'thod  of  construction  is  easily  seen  from  the 
acconii)anyintr  figure.  7/ is  the  jmint  left,  L  is  the  point 
readied,  7M'  is  the  nortli  and  south  line  through  IL  angle 
LIIS  is  the  direct  course,  and  Z/Zis  the  distance. 

AiiH.    Course  is  S.  1:)°  K.:  distance  is  4it^  miles  nearly. 
NoTK.       'I'liis  is  a  pn.l.leni  in   I'lane  Sailing.     In  it  we  r.'gard  the 
sea  as  having  a  tlat  and  not  a  curvtMl  siirt'afc. 

1*K(»IU,KM  41.  To  tiiid  the  area  of  a  held  shai)ed  like 
Fig.  4o,  a  huid  surveyor  proceeds  tiius :  lie  measures  the 
distance  from  A  to  i>,  and  takes  points  iu  AD  so  tliat  the 
lines  joining  them  to  the  corners  of  the  liehl  make  angles 
of  1<U°  with  AD.  Then  he  measures  the  distances  ^(r, 
AIL  AK,  AL.  and  AD.  whicli  are  resi)e(;tively  IHO,  3(50, 
404,  084,  and  840  yards.  He  also  linds  BCr  =  -I-VI  yards, 
F//=-'.')0  yards,  6'A'= 'iOO  yards,  and  i.i;=104  yards. 
How  many  ai-res  are  there  in  the  lield  ?  Scale  is  400 
yards  to  an  ineli  iu  Fig.  45. 

The  student  should  take  a  scale  of  200  yards  to  an  inch. 
Draw  AD  tlie  required  length.  Measure  off  distances  of 
180,  300,  etc.  Draw 
the  perpendiculars 
GB,ffF,>U:  Join 
AIi,Bt\iU%  Thus 
you  liave  the  dia- 
gram drawn. 

Tlu^  figure  is  di- 
vided into  triangles 
and  trapeziums. 
Find    the    area    of 
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eacli.     To  find  tlie  area  of  the  trapezium  BGKC,  add  232 
to  2(!0  ;  take  lialf  the  sum;  and  multiply  the  quotient  by 


the  length  of  GK. 


t 

J 


EXERCISE  XVIII 
1.    A    flagstaff  stands  on   the   top    of   a   tower. 


Tl 


le 


tower  itself  is  on   level   ground.      At  a  certain   point  on 
tlie  ground  the  angle  of  elevation  of  the   toj)  of  the  staff 


IS 


43^ 


A\ 


hile   that    of  the   top  of  the  tower  is  37°.      At 


point  :iO(»  ffft  farther  away  from  the  tower  the  angle  of 
elevation  of  the  top  of  the  .staff  is  31°.  How  high  is  the 
.staff? 

'1.  A  rock  is  4S3  feet  high  above  a  plain.  A  tower 
stands  on  the  roek.  The  angles  of  depression  of  a  point 
in  the  plain  are  ")"2°.  when  obsei'ved  from  the  toj)  of  the 
tower;  and  4.^",  when  ol)served  from  the  top  of  tlie  rock.. 
Find  the  height  of  thi'  tower. 

3.  From  the  top  of  a  hill  300  feet  high  above  a  plain» 
the  angles  of  depression  of  the  to})  and  bottom  of  a  tower 
standing  on  the  same  i)lain  are  40°  and  51°,  respectively.. 
Find  tlie  height  of  the  tower. 

4.  A  vessel  sails  17  miles  due  south,  then  21  miles  due 
southwest,  then  18  miles  due  northwest,  and  then  13  miles 
due  west.  Find  the  direct  course  and  distance  from  the 
place  left  to  that  finally  reached. 

").  A  kite  is  flying  to  the  full  length  of  its  string, 
namely,  125  yards,  and  the  string  makes  an  angle  of  45* 
with  the  horizontal.     IIow  high  is  the  kite  ? 

G.  A  tower  is  IGO  feet  high.  At  a  certain  point  on  the 
ground  the  angle  of  elevation  of  its  top  is  36°.  At  the 
same  point  the  angle  of  elevation  of  the  top  of  a  flagstaff 
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stancUnc^  on  the  tower  is  44°.     Find  the  distance  of  the 
X^li  observation  from  the  tower  and  the  length  of  the 

''^'?' Find  the  area  of  the  figure  ABODE  fron.  these 

..ea^rements  :   AB  = '20  chains,   ^<lf'^-:^;,f^ 

25  chains,  AE=  :>>»  chains,  angle  BAC  =  4.  ,  '  »^^^^  ^jj^ 

=  43°,   angh,   /).!/;  =  4r.     What  is  the  length  of  each 

of  the  other  sides  V  .  ,  •       •   1 4-  ,.f 

8    Two  ships  C  an,l  D  an-  at  a„clu,r  w.tl.m  s,ght  ,.f 

.h-  shore.  The  .lislanec  between  them  is  got  thus:  A 
L  line  AB  uf  400  yanU  is  taken.  ;'■'-. .l>-ver^K,t,«s 
tl>..t  the  an-le  BAV  is  CO',  the  angle  I. AD  .s  W  ,  the 
:!^gle  'l/^Vis  flO".  ana  the  angle  ABD  is  .«».     How  far 

^^t  ";:i:!n:etl  oC  a  maa  ABCBf^  fron,  these  n-eas- 
u,en;ents :  .IZ)  is  000  yard,,  and  along  it  are  "easured  j X 
030  yards,  AZ  m)  yards,  and  A  YilO  yards.  At  A  and  Y 
_<JU  }..rus,  /I  ■)  ,   j,^,  „.,j,     ,„,s,  on  the  same 

are  drawn  A-tf  ^W  jauis  ,uiu   i  ,",»;«  .Wawn  Zi? 

side  of  AD  and  perpendicular  I,,  .t ;  and  at  Z  is  dra%vn  ZJl 
220  yards  on  the  otlrer  side  of  ^i>  and  perpendreular  t  t. 
10  A  tower  .TO  feet  high  stands  on  the  .dge  of  a  cUff, 
.„d  the  angle  of  depression  of  a  boat  as  seen  from  the^P 
.,f  the  tower  is  -20°,  and  from  the  bottom  14  •  Determine 
1  heigU  of  the  cliff  and  the  distance  of  the  boat  from 
its  foot. 


CHAPTER  VIII 


SCALES 

Drawings  are  seldom  as  hircfe  as  the  objects  wliicli  they 
represent.  The  map  of  a  district  or  the  dra\vin<j  of  a  huge 
piece  of  machinery  may  be  made  on  a  space  a  few  square 
inches  in  area.  Every  line  or  part  of  the  object  is  reduced 
in  the  same  jjroportion,  so  tiiat  tlie  drawing  is  a  true  repre- 
sentation of  the  original.     Such  drawings  are  made  to  scale. 

There  are  several  ways  of  expressing  the  scale.  Some- 
times it  is  constructed  at  the  foot  of  the  drawing,  as  is 
usually  done  in  the  case  of  maps.  At  other  times  it  is 
expressed  in  words  thus  :  "The  representative  fraction  = 
^1^,"  meaning  that  each  line  on  the  diagram  is  .^\^  of  its 
true  length  ;  or  "  1  inch  =  100  feet"  or  ''100  feet  to  an 
inch,"  meaning  that  a  line  100  feet  long  is  represented  in 
the  drawing  by  a  line  one  inch  in  length.  Whatever  be 
the  method  of  expressing  the  scale,  it  is  usually  represented 
at  the  foot  or  side  of  the  drawing. 

When  the  scale  is  expressed  in  words,  the  one  way  may 
be  clianged  into  the  other.  If  the  representative  fraction 
=  .^|^,  then  1  foot  =  240  feet;  or,  if  1  inch  =100  feet, 
then  tlie  representative  fraction  =  i^Vu'  ^'^"^  ^^^  ^^^'^  "" 
1200  inches. 

The  scale  most  convenient  to  adopt  in  any  particulav 
case  will  depend  on  the  size  of  the  object,  the  size  of  your 
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papiT,  1111(1  tlu'  purpose  wliii-li  tlie  (lra\viii<;  is  to  serve.  For 
example,  the  re[»reseiitative  fraction  of  tlie  plan  of  a  field 
containing  a  few  acres  will  be  luucli  laii,'er  than  that  of 
the  map  of  the  ciuinly.  Or,  a^^aiii,  an  ordinary  map  of  a 
certain  district  will  he  smaller  than  that  published  for 
military  purposes,  will  contain  fewer  details,  and  hence 
be  f)n   a  smaller  scale. 

Whrii  the  object  is  small,  it  is  best  to  make  the  drawing 
on  an  ciilargi'd  scale.  For  instance,  the  mechanism  of  a 
watch  can  lie  best  understood  when  the  drawing  is  con- 
tsiderably  larger  than  the  watch  itself. 

I'ltnp.LKM    4'J.      To   construtt    a    scale   of    ecjual   parts 

(Fig.  4tj). 

Take  a  line  of  any  length  an<l  on  it  lay  off  any  num- 
ber of    e(iual    divisions.   A /I.    liC    CI>.  etc.        In    Fig.    46 


10      R       r.       4       2        0 

'I   M  M  I   i   I   1   I   I 
A  "  ii 


C 


D 


Vui.  4(;. 


each  division  is  one  inch  long.  I'.y  trial,  divide  .17^  into 
ten  ecjual  divisions.  The  construction  is  plainly  seen  from 
the  iigure.  If  AB.  BC,  ClK  etc.,  measure  inches,  the 
divisions  of  AB  measure  tenths  of  inches.  Then,  Da 
is  2.4  inches  long.  If  the  large  divisions  represent  10 
inches  each,  the  smaller  divisions  represent  inches.  Then 
Da  reiiresents  a  line  24  inches  long.  Again,  if  the  large 
divisions  represent  100  inches  each,  the  smaller  divisions 
stand  for  10  inches,  and  Da  represent^  a  line  '240  inches 
long.  And  so  on.  Thus  the  same  scale  will  measure 
Vengths  greatly  dififering  from  one  another. 
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Problem  43.    To  construct  a  scale  of  o^^  or  1  inch  = 
2  feet,  and  long  enough  to  measure  0  feet  (Fig.  47). 


12  9    fi    3    0 


5 

Zl 


24 


Fio.   47. 


Since  2  feet  is  to  be  represented  by  1  inch,  G  feet  will 
be  represented  by  3  inches. 

Take  a  line  of  tliis  lengtli  and  by  trial  divide  it  into  2 
(■(inal  parts  and  eacli  of  tliese  parts  into  3  equal  parts. 
The  whole  line  is  now  divided  into  0  e(iual  parts.  Number 
the  divisions  as  in  tlie  figure  and  divide  the  division  on 
the  left  into  4  equal  parts. 

This  scale  will  measure  feet  up  to  0,  and  inches  at  inter- 
vals of  three. 

Phoiu.em  44.  To  draw  a  scale  of  1^4 1  so,  <'i-  1  i»^l'  =H 
miles,  to  measure  miles  and  furlongs,  and  h)ng  enough  to 
measure  4  miles  (Kig-  4H). 


Furlongs 
C      4       -' 


Miles 
1 


H 


1 


M4480 


Fic   4H. 


Since  1|  miles  =  1  inch,  4  miles  =  3  inches.  Take  a 
line  of  this  lengtli  and  divide  it  into  4  equal  parts,  and 
number  them  as  in  the  fiirure.  Divide  the  division  on  the 
left  into  8  equal  parts.     Each  of  them  represents  a  furlong. 

This  scale  will  measure  miles  and  furlongs  up  to  4  miles. 
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Phohlem  45.  To  make  a  scale  of  yards  of  ^^g,  and  a 
comparative  scale  of  meters,  loii^  enough  to  measure  30 
yards  and  •)()  meters  respeetively  (Figs.  49,  50). 

Yard  s 


"10 


10 


20 


c 


aCo 


Fi(i.  4i>. 


80  yards  =  80  x  8t)  inches  =  1080  inches.  ^ J^  of  1080 
=  3.  30  meters  =  30  X  39.37  inches  =  1181.1  inches, 
ji^  of  1181.1  =  3.28.  The  scales  are  3  and  3.28  inches 
in  leiigtii  and  are  drawn  as  sliown  in  the  figures. 

M  e  t  (>  r  s 


10      8 


10 


20 


1 
39f 


Fkj.   50. 


NoTK. — Test  the  correctness  of  the  scales  by  an  arithmetical  calcula- 
tion. For  example,  irieasure  17  meters  on  the  second  scale  and  deter- 
mine the  value  in  yards  on  the  first  scale.     You  should  get  18.6  yards, 

for  17  meters  =    '  ^  '     '  '  yards  =  18.G  yards  nearly. 

Problem  46.  To  make  a  diagonal  scale  to  measure 
yards  and  feet,  and  long  enough  to  measure  12  yards. 

Yards 


Feet 

0         1 

L       : 

2         3        4 

5         ( 

.          7         i 

9 

10       U 

tiy 

1 

til 

~7^ 

/ 

1 

T 

ik 


Fig.  61. 


The  representative  fraction  is  y^j  C^^S-  ^^)* 

j\j  of  12  yards  =  3  inches.     Take  a  line  AB  of  this 
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lenj?th  and  divide  it  into  12  equal  parts.  From  A  draw 
a  line  at  right  angles  to  AH  and  on  it  set  off  three  equal 
divisions.  At  every  tlivision  draw  a  line  parallel  to  AB 
and  conq)lete  the  seale  as  in  tlie  tigure.  urn  is  read 
^'•>  yards  1  foot."'     Take  off  the  length  8  yards  '2  feet. 

XoTK.  — The  (liiif^oiiiil  seule  on  ymir  lul.T  i-<  ooiiHtnicti-d  liy  a 
TM.tli.Ml  similar  to  tliat  of  Problem  Ul  :...s(i.  i;:\.\.  an-l  17-'  are  ex. 
amples  of  niiiiibers  tliat  can  be  taken  oil'  from  the  tlia^^onal  s<-ale.  hx 
.-..sti,  the  lari;.;  <livision.s  stand  for  units;  in  m.i,  for  teus;  and  in  172, 
fur  hundreds. 

EXERCISE  XIX 

1.  IJy  means  of  the  seale  of  Fig.  40  draw  a  line  1.8 
inches  or  units  long. 

•2.  By  means  of  the  seale  of  Fig.  47  draw  a  line  to 
represent  4  feet  9  inches. 

3.  Hy  means  of  the  seale  of  Fig.  48  draw  a  line  ta 
represent  3  miles  3  furlongs. 

4.  By  means  of  the  scale  of  Fig.  40  draw  a  line  to  rep- 
resent 18  yards. 

5.  By  means  of  the  scale  of  Fig.  50  draw  a  line  to 
represent  15  meters. 

6.  By  means  of  the  scale  of  Fig.  51  draw  a  line  to 
represent  7  vards  2  feet. 

7.  This  line, '  ^epre- 

Rents  different  measures  according  to  the  scales  used. 
What  are  they  with  reference  to  the  kales  in  Figs. 
46-51  respectively  ? 

8.  By  means  of  scales  convert  22  yards  to  meters  and 
19  meters  to  yards.  See  how  your  values  agree  with 
those  got  by  an  arithmetical  calculation. 


1^    1 


f^mmt^  '%.-^m^^ 


G4 


.Mi;( HANK  AF.    I)11AWIX(J 


W: 


\K    Kxpri'ss  tliis  otherwise  :  "The  scale  is  4.4  inches  =  | 
mil*'." 

!(►.  A  couimv  is  :5()0  inilfs  loii^  uiul  240  nules  wide. 
A  imi{)  of  it  is  to  he  put  on  a  sheet  of  paper  no  hmger 
than  thispa<fe.     What  will  be  a  convenient  scale  to  adopt? 


«,    ^ 


PuoiiLKM  47.  To  construct  a  scale  of  chords  (Fig.  52). 
Descrilu'  the  (piadrant  CAB.  With  C  as  centre  and  CA 
as  radius  describe  an  arc 
cutting    the  are  BC  at  ^ 

the    point    marked    (50°.  «?,» 

.Similarly     with     B     as  ^^ 

centre  and  BA  as  radius  Jb^ 

an  are  can  be  drawn  to       ^^ 
cut   BC  at   ;'.()°.     Thus        , 
the  arr  B<^  is  trisected 
at  (lO^and  :50°.    Hv  trial,     C 
tris.'c-t  each  of  these  di-        **     ioa>J04o«)«o70    8090 

•  •  'iM  •  Fi«i  r>'j. 

visions.         1  lie     arc     is 

now  divided  into  '.>  e(Hial   ])arts  of  10°  each. 

With    C  as   ceiitr*'.  describe  arcs  from  these  divisions, 

meeting  ('/>  as  sjiown  in  the  figure.      ('f>  is  the  re(piired 

scale  of  chords. 

Xoii.>.  —  1.  'I'lii^  M'lilr  li;is  .livisioiis  ;it  iiitrrvals  of  10  aii>l  tliey 
graiiiialh  dfcifa-r  in  li'ii^tli  tVoiiiO  tn  it'i  .  'I'lic  sculi'  ot'  cliords  on 
vonr  nilfis  lia^  i'\i'i'\'    ;i\  i-idii  i'loiii  0  to  ito. 

•J.  Till'  di-i  iiii'r  n  to  tio  is  (■i|iKii  to  the  radius  of  tlif  <iua(haiil  fn;!ti 
wliicii  till'  scale  of  chords  was  made. 

riroi'.i.r.M  -IS.  \\\  means  of  the  scale  of  chords,  to  con- 
struct any  angle  (Fig.  f)-]). 

1.    An  angle  less  than  1H)°,  for  example  40°. 


SCALES  ^^ 

Take  a  line  JB,  and,  with  A  as  centre  and  with  a  radiu« 
equal  to  the  distance  fron.  0  to  f.O  on  the  scale  of  chords, 
describe  an  arc  BD.     With  B  as  centre  and  with  a  radms 


Fui.  •"•'>• 


(»  to  40  on  the  seah-  of  chords,  cut  the  an-  at  C.  hnn  CA. 
Tlien  CAB  is  an  an.i,de  of  40°. 

'-)     An  an^le  K'-valer  than  W\  for  exaniple  V-H  . 

Make  the  ant,de  of  40°  as  before.  Then  with  C  as 
centre,  and  witli  a  ra.lins  0  to  H8  on  the  scale  of  .-liords, 
;.utthearci^/>at/>.      Join  />T.      Then  Z>T /^  .s  an  angle 

''^(^'prod..cc  BA  to   E  .nd  n.akc   DAE  .n  a.^^le  of  ;^- 
(byrnstmcllH.d).      Then  />T/^  =  1^0°  -  ..2°  =  liiH  • 

XoTK.  -  l..>t,.,'ul  ..f   10  ana  >>«,  y.'U  can  use  .-.:.  and  7:5.  ur  any  ..ther 
vuliies  l.'S.-,  than  !)U    an.l  tugt^thcr  .Miiial  to  l-'S'. 

l'noi....KM  41..     By    nuans    of    the    scale    of    chords,  to 
measure    u  angle  (Fig.  o:i). 
1.    An  angle  less  than  90°. 
With  A  as  centre  and  with  a  radius  equax  to  the  dis- 
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tance  fr(>rn  0  to  OO  on  the  scaU-  of  clionls,  <lescribe  un  are, 
cut  till",'  tlitj  iinns  of  tin-  aii^'K-  at  B  and  C.  Tiikt"  the 
(listaiicf  from  li  to  V  and  itlace  it  on  tho  stale  of  chords. 
Il  nuMsurt's  40.      Then  the  an.i,'le  is  40". 

•_'.    An  anijlf  t,'n'aU'r  than  90°. 

hividf  \\n'  ani,'h'  into  any  two  piirts  each  h'ss  tlian  l^O". 
('AH  iiiciisiufs   10°  and   IkXC  is    found    to   measure   88°. 

,ii-t'oif  the  ant,Me  DAIi  mea«^nres  llis°.  Or,  produce 
JiA  to  /•;  anil  nieasuiv  the  an,t,de  lL\  K.  It  is  52°.  Tliere- 
fore  the  an-le  DAB  =  180°  -  'rr  =  128°. 
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1.  Draw  a  scale  of  1]  inches  =  1  foot,  to  measure  feet 
and  inches.      What  is  the  representative  fraction? 

2.  ("onstiiict  a  scale  to  show  yards  and  feet,  on  which 
;'..•  inches  rcpnseiit  8  yards.  Make  it  lon«,'  enou<,di  to 
iiirasure  12  yards.      What  is  the   representative  fraction? 

;',.  Make  a  diaijfonal  scale  to  show  miles  and  furlongs, 
on  which  \  inch  represents  1  mile,  and  long  enough  to 
measure  (J  miles.  ( )n  the  scale  indicate  4  miles  7  furlongs. 
What  is  the  representative  fracticm  ? 

4.  Construct  a  scale  of  ^^g  long  enough  to  measure  G5 
v  inls  at  intervals  of  ')  yards. 

.').  With  a  radius  of  2.]  inches  describe  a  quadrant  and 
:ii  ik.'  a  scale  of  chords  to  measure  angles  from  0°  to  90°  at 
intervals  of  10°. 

»>.  With  the  scale  of  "No,  5  describe  angles  of  70°,  90", 
and  130°.  Use  a  protractor  to  test  the  correctness  of  the 
work. 

7.   Make  a  triangle  whose  sides  are  3.4,  4.6,  and  5.2 
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inches  respectively,  and  witli  the  scale  of  No.  5  measure 
the  aiij^les. 

H.  With  a  i)i(.triictur  niakc  iiii<,'lrs  of  '20°,  80',  aii.l  130", 
:iiitl  willi  the  scah-  of  No.   '»  test  your  work. 

1>.  Oil  a  jihtii  \2\  yanls  oc-(U[iy  '2\  inches.  Draw  a 
s<'alc  to  imlicatf  yards  at  intervals  of  a  and  hin<,'  enough 
to  nuasnrc  M)  yards.  Wliat  is  the  representative  fraction  ? 
10.  Draw  a  line  4.Tt»  inches  h>nj^  to  represent  •)  feet. 
Divide  the  line  into  3  ecjnal  parts,  and  the  left-hand 
division  into  8  ecjual  parts.  Indicate  2  feet  2  inches  on 
the  scale. 
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CHAPTKK   IX 
tup:  location  of  points 

Take  a  horizontal  line,  AOX,  and  a  vertical  line,  YOB, 
interseotinjr  at  0  (Fig.  'A).  AOX  is  spoken  of  as  the 
axlx  of  X,  YOB  as  y 

the   iuix  of    r,  and 
O  as  liie  oriijin. 

Hy  tin-  intersec- 
tion of  tiie  lines 
four     ri>^]it     angles 

or     (juadi-ants     are  |     ^     ^  |     |     |     i     |     [     ^ x 

formed.  The  space 
YOX  is  the  tirst 
.-luadrani:  >'0.l,the 
seeon<l ;  .1  OB,  the 
third;  and  BOX, 
the  fourth. 

Distances  iiu-as- 
ureil  aloni;'  <^X  and 
0  }' arc  reL;ar(lcd  as  positive,  and  aloii<r  OA  :ind  OB  ah 
iiei^'ativc.  Ill  other  words,  distances  alouLT  the  axis  of  X\ 
nic,.sin'cd  ti)  tlic  riiiht  of  the  axis  of  J'  are  positivii; 
measured  to  the  left.  nci>'ative.  Distances  nUnv^  the  axis 
of  7,  n.easurcd  above  the  ;ixis  of  A",  are  positive;  meas- 
ured below,  ne«nitive. 
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The  location  of  a  pol-a  is  determined  by  its  distances 
from  the  two  axes.  These  distances  are  known  as  the 
coordinates  of  a  point. 

'I'lie  distance  of  a  point  from  the  axis  of  X  is  called  the 
ordinate  of  the  point,  and  its  distance  from  the  axis  of  Y 
is  called  the  abscism  (plural,  ahscissce). 

In  Fig.  54,  /»  is  the  point  (2,  8),  because  its  abscissa 
ON  is  2  units  in  length  and  measured  to  the  right  of  the 
axis  of  F;  and  its  ordinate  PN  is  8  units  in  length  and 
measured  above  the  axis  of  A^     S  is  the  point  (  —  6,  5), 
for  it  is  6  units  to  the  left  of  the  axis  of  F,  and  5  units 
above  the  axis  of  X.     R  is  the  point  (  -  3,  -  2),  for  it  is  3 
units  to  the  left  of  the  axis  of  F,  and  2  units  below  the 
axis  of  X.      Q  is  the  point  (5,  -  T,),  for  it  is  5  units  to  the 
right  of  the  axis  of  F.  and  5  units  below  the  axis  of  X.     ■ 
Tlie  unit  of  lengtli  may  be  any  convenient  one.     That 
of  Fig.  .-)4  is  I  inch.     That  of  squared  paper  is  usually  -^^ 
inch.     Squai-ed  paper  lias  horizontal  lines  ruled  upon  it, 
iV  of  an  inch  apart.     'I'hese  are  crossed  by  vertical  lines, 
which  are  J^  of  an  inch  apart.     The  paper,  then,  has  a 
large  number  of  small  squares.      To  sec  the  appearance 
and  use  of  squared  paper,  the  student  is  referred  to  Hall 
and  Knight's  -Algebra,"  eighth  edition.  Chapter  Xl.lV. 

In  naming  a  point,  the  abscissa  is  mentioned  before  the 
onlinate.  Thus  the  point  (2.  3)  means  that  2  is  the 
abscissa  of  the  point  and  3  the  onlinate. 

To  determine  tlie  loealion  of  a  point,  or,  in  otlier  words, 
io  plot  a  point,  for  .'xample  tlie  point  (2,  3),  we  i)roceed 
thus:  measure  OX  1  units  in  l.'iigth  along  OX  \  at  N 
erect  a  perpendicular,  XI\  and  make  it  3  units  long. 
Then  P  is  the  point  (2,  3). 
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EXERCiSE  XXI 

qXote.  —  Make  the  iiiiils  of  length  I  iiicli  each.) 

1.    Plut  the  points  (2,4),  (  -  ♦;,  -H),  (3,  -5),  and 

(-•J.  t>). 

■2.  J*  is  tiie  point  (—  2,  8).  ^  is  the  point  (*!,  14). 
Find  tlif  U'lioth  of  J'Q.  Ann.  10. 

;).  J  is  tlic  point  (  0.  •'»).  /?  is  the  point  (8,  0).  Kind 
thi'  Ifiiglh  of  AJi,  the  coiJi-diiiiili's  of  the  middle  point  of 
AB.  and  tiie  distance  of  this  point  from  the  origin. 

Ans.  10,  (4,  3),  and  5. 

4.  Show  that  tlie  distance  between  the  points  (0,  3) 
and  (  —  3.  —  ".•)  is  lo. 

.').  Plot  till'  points  (t),  0),  (0,  G).  and  (J,  4),  and  show 
that  tiiev  are  in  the  same  straiglit  line. 

♦  J.  Show  that  tlie  line  joining  the  points  (0,  3)  and 
(3,  0)  passes  ihrongh  the  point  (  —  li.  o). 

7.  riot  the  points  (4,  2 ).  ( 8,  O),  (4,  10),  and  (0,  6), 
and  show  that  they  are  at  the  corners  of  a  sijuare. 

8.  Join  the  point  (0,  7)  to  tlie  points  (8,  3)  and 
(  —  2.  3).  and  show  that  the  angle  between  the  two  lines 
is  W\ 

9.  Show  that  the  line  joining  tlie  points  (4,  2)  and 
(10,  8)  is  parallel  and  ecpial  to  the  line  joining  the  points 
(2.  8)  and  (8.  14). 

10.  A  is  the  point  (0,  -4).  B  is  tiie  point  (8,4). 
C  is  the  i.oint  ( 0,  12).  B  is  the  j.oint  (  -  8,  4  ).  Show 
that  AC=  BIK  and  that  the  angle  CAB=A'^°. 

When  a  series  of  points  is  obtained  from  a  known  rela- 
tion existing  between  their  coilrdinates,  it  is  often  useful 
to  connect  the  points  by  a  line,  straight  or  curved.     This 
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line  is  known  as  -.x  yraph.     The  f.,Ilowin^r  examples  illus- 
trate  graphs : 

PuoMLKM  r.O.  The  population  of  a  t-uv,,  in  l^.^O  was 
1000;  n,  1870,  1050;  m  1880,  1120;  i,,  18!K),  i^oo.  ^nd 
in  11»00.  1300.     I'lot  a  curve  t<.  show  the  .nerease'in  popu- 


Fig.  55. 

!««?"'  ?.l/r"'  "^  '^'^"''   ^^'^  P^-^^'^^^'^«  population  ia 
1885  and  1906  {V\^.  55). 

Take  OX  and  OY  for  the  axes.     Along  OX  set  off  4 

equal  distances  and  mark  the  divisions  1860,  1870   1880 

890,  and    1000.      Along  OY  set  otT  a  number  of  equal 

distances  to  represent  the  population  at  intervals  of  50. 

Mark  these  divisions  1000,  1050,  1100,  etc.     Plot  D  as  in 

o'.n  ^"n?     r^?'  ^  '^'''''^^^  "'^°^'«  ■'^'^'  ^-'^  -^^^"-^t  of 

^'n.       T  '''^^^'  '-^"^'^  ^^^^  '''-''  ^''^^"'-^st  of  1120, 

and  (/  and  H  in  a  similar  way.     With  a  freehand  curve 
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join  the  points  f>.  hi  h\  (J,  and  Ff.  This  curve,  or  graph, 
shows  how  tlie  [)()[»uhition  lias  increased  from  time  to  time. 
When  the  increase  has  hccn  comj)arativ('ly  slow,  the  curve 
rises  sli,i,'htly.  as  fiom  D  to  /'.  From  F  l«>  //  it  is  steeper, 
and  shows  a  more  rajiid  increase  in  popuhilioii. 

To  j^^ct  tlie  population  in  l.SJSo,  hiscct  tlie  distance  be- 
iwecn  1(S^0  and  IS'.M)  ;  erect  a  jterpendicuhir  to  meet  the 
curve  at  .1  :  and  t'loni  A  di-.iw  a  hori/oiital  line  to  meet 
01' in  A",  which  is  a  point  near  tlie  division  lloO.  There- 
fore 11  ">'>  was  the  population  in  l.SS.').  The  j)r()l»al)le  popu- 
hition  in  r.'Oil  i>  L^ot  in  :i  similar  way.      it  is  ahout   l^STO. 

If  we  use  tlilTerent  distances  aloni,'  (KX.  and  also  differ- 
ent distances  alouL;-  <f  )\  we  t^et  a  cuivc  ditlerent  from  that 
in  Fi^.  ").'),  hut  we  obtain  the  same  answer  for  the  popula- 
tion at  any  ij^ixcn  date. 

I'uniu.KM  ol.  In  makinjjc  a  tunnel,  a  gang  of  men  at 
the  end  of  the  lirsl  day  were  7  yanls  from  the  opeiung; 
and  at  the  end  of  the  live  following  days  were  respectively 
1»».  14.  ]-,  IS,  and  '2-  yards  from  the  oix-ning.  Make  a 
tlia^rani  to  represeni  the  progress  of  the  work  (Fig.  otJ). 

Take  n\'  and  ()  V  for  the  axes.  Along  OX  set  oil'  eiiual 
distances  io  repi'eseiil  intervals  of  a  day,  and  along  OY 
set  otT  eipial  distances  to  represent  intei'vals  of  o  \ards. 
hctci-miiic  the  points  . I.  7>.  ('.  />.  K  and  /■'.  as  iii  the 
acc(.iiipan\  ing  tigurc.  In  this  example  the  rate  of  in'og- 
ress  depends  upon  the  hardness  of  the  earth  met  with  in 
the  excavation,  and  upon  other  causes  not  governed  by  a 
fixed  law.  Therefore  it  is  customary  to  join  the  points 
by  straight  lines.  The  progress  made  in  any  particu- 
lar day,  compared  with   the  progress  on  another  day,  is 
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indicated  l)y  tli.'  inclinatinn  of  these  liiifs  to  OX.  For 
.xaniple,  hE  is  steeper  tliaii  AH  oi  A'F.  ;ind  therefore  we 
infer  from  tlie  diatrraiii  that  Uih  advance  on  the  fifth  day 
was  greater  than   that  on  the  second  or  sixth.      On  the 


Fi(i.  .VI, 


fourtli  day  an  accident  ore  urred,  so  tliat  at  the  end  oi 
the  dijy  tliey  were  not  so  far  advai  'cd  as  at  tlie  end  of 
the  previous  (h>y.  On  tlie  first  (hiy  tliey  made  the 
greatest  jjrogress. 

Phohli:.n[  52.  In  ISO!*  the  May-flower  was  first  seen 
in  the  fc.Howing  eounties  at  the  folh)wing  (hites :  Yar- 
n.outh,  March  29;  Shelbnrne,  A{)ril  10;  Digby,  April 
12;  Queens,  April  1^:  Annapolis,  April  10 ;  Lunenburg, 
April  12 ;  Kings,  April  14 ;  and  Hants,  April  14.  Plot 
the  observations  graphically  (Fig.  57). 


:M^^>^:mMur'M 


74 


MECHANICAL   DRAWING 


1 


Take  OX  and  OV  as  the  axes.  Aloiifj  OX  sot  off  equal 
(lintances  to  reprt'sciit  the  counties  in  the  onk'r  in  wliieh 
they  are   "^'iven.      Along    OY  set  off  equal  distances  to 


Mar.25-  - 


Mar  .30- 


Apr.4-. 


Apr.O 


-Apr.  14 


Apr.l9 
O 
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represent       -rva       f  f       lays.     Name  the  divisions  and 
complete  i        Aagr.i  i  Fig.  57. 

The  divi.-...as  al  ■■■.  :  i  may  stand  for  intervals  of  any 
number  of  days,  iid  •  lowest  division  may  be  marked 
any  convenient  date.  The  record  for  each  county  is 
shown  by  the  height  of  the  horizontal  line  drawn  across 
the  interval  f(.r  that  county.  This  method  of  graphic 
representation  is  useful  when  the  degrees,  and  not  the 
rates,  of  variation  are  to  be  compared. 
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EXERCISE  XXII 

1.  Plot  the  point.s  (0,  0),  C|,  1),  (1,  O),  (2|,  3),  (4,  4), 
ami  0»|,  5),  and  connect  tlu-m  witli  a  fiec-luind  curve. 
When  the  ordinate  of  a  point  is  (],  what  is  the  abscissa? 
(A  convenient  unit  is  a  lialf-incli.) 

±  On  a  certain  day  the  rca.lings  of  a  thernion.etcr 
were  as  foHows  :  At  8  A.M.,  40";  ;it  9,41°;  iit  10.4:;°; 
at  11,  47°;  at  12,  r,0°;  at  1  j-.m.,  ",5°;  at  2  I'.M.,  ;-,r;  an.l 
at  3  P.M.,  -..;°.  Draw  a  curve  to  show  the  variation  in 
temperature.  What  was  the  pn.bahle  temju-rature  at 
12  aO?  At  what  time  was  the  temperature  45°/  (Simi- 
lar to  Probh'm  ;>0, ) 

3.  Reckoned  t.  the  nearest  thousand,  the  numl)er  of 
cluklren  daily  present  at  the  {)ul)lic  scliools  of  Nova  Scotia 
was  50,000  in  18!>3,  51,000  in  181»4,  54,000  in  18'V, 
54,000  in  189G,  55,000  hi  1897,  58,000  in  1898,  an.l 
5<>,000  in  1899.  Draw  a  dia-ram  to  show  this  graphi- 
cally.    (Similar  to  Problem  52.) 

4.  As  recorded  at   Halifax,  the  lowest  temperature  in 
1895  was  2°  below  zero;   in  189«;,  8°  below  zero;   in  1897 
0°  below  zero;   in  1898,  10°  below  zero;   in  1899,  9°  below 
/.ero;  and  in  190;).  2°  b.-low  zero.      IMot  the  observati<,ns 
graphically.      (Similar  to  Problem  52.) 

5.  In  1899  the  May-flower  was  first  seen  in  the  follow- 
ing  counties  at  the  following  dates;  Guvsboro,  April  24- 
Cumberland,  April  21;  Colchester,  April  10;  Pictou', 
April  17;  Antigonish,  April  27;  Richmond,  April  21;' 
Cape  Preton.  April  22;  Inverness,  April  20;  and  Vie^ 
toria,  April  27.  Draw  a  diagram  to  show  these  observa- 
tions. 
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G.  A  railroad  was  gradi'd  at  the  following  rate:  On 
Monday,  10  yards;  on  Tiu'sday,  I'J  yards;  on  Wednes- 
day, 15  yards;  on  'I'hursday,  20  yards;  on  Kriilay,  !♦> 
yards;  and  on  Saturday,  1:5  yards.  Draw  a  diagram  to 
show  the  progress  from  day  to  day.  (Similar  to  I'rcjb- 
lem  51.) 

7.  Six  points  have  the  following  abscissa*:  l".  J.  1.  \\, 
2,  and  -J^  ;  and  the  fctllowing  ordinates:  0.  ',  1,  l.i,  2,  and 
2^  respectively.  I'lot  the  points  and  eonneet  them  with 
a  curve  drawn  free-hand.  When  the  ordinate  of  a  point 
on  the  curve  is  ;'..  what  is  the  al)scissa '/ 

H.  A  bridge  tiO  feet  long  is  to  lie  built  across  a  river. 
SoundiJigs  at  inter\;ils  of  Id  fet't  are  made  to  determine 
the  depth  of  water,  and,  commencing  at  one  bank,  tlie 
dejiths  ai'c,  respectively,  0,  -l.  :'>.  ti,  o.i.  4^,  2,  and  0  feet. 
Draw  a  curve  to  show  the  shape  of  the  bed  of  the  river. 

'.♦.  A  company  has  the  following  rates  for  insurance: 
A  man  of  2.5  years  pays  *21  ;  of  -'lO  years,  *24:  of  :}") 
years,  *2«:  of  4(»  year.s.  *:',.",;  of  45  years,  #39:  of  50 
years,  ^41 :  and  of  55  years.  >f  .'>><.  Draw  a  curve  to  show 
how  the  rates  increase  as  a  n  .in's  age  increases. 

10.  The  width  of  a  river  is  40  feet,  and  soundings  taken 
at  intervals  of  5  feet  show  these  de[)ths  of  water:  0,  1,  7, 
9,  11,  15,  13,  5,  0.     Draw  a  section  of  the  river  bed. 
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THE   PROJFXTIOX   OF    POINTS   AND   LINES 
HiTJiKHTo  the  i)io})l(.ni8  ]i;ive  dealt  with  points,! 


lines. 


and  <]^r,„.es  ii,  nnr  phii.c.     Tl.is  cIiai)t.T  deals  with  points 


md  1 
tixed  planes  at   ri^ht  angles  to  each  oil 


Hies  accoidinir  to  their  pusiticui  in  referenee  to  t 


wo 


til 


ler,  and  introdnees 


lie  stndeiit  to  what  is  known  as  Descriptive  Geo.iietrv. 
Only  a  few  of  the  simplest  prohlenis  on  the  projection 
of  points,  lines,  surfaces,  and  solids  arc  taken  np  in  this 
hook. 

Descriptive  Geometry  is  a  snhjeet  on  the  cnrriiuUiun  of 
all  science  schools  and  colle<,res,  and  is  re(inired  of  those 
studyin^r  entrineerinir.  By  means  ,.f  it  (,ne  is  enahled  to 
stndy  the  relations  cf  the  points,  lines,  and  surfaces  of 
solid  bodies  hy  reilncin<r  problems  on  them  to  problems 
in  I'lane  (ieometry.  This  will  be  seen  by  the  explana- 
tions which  follow. 

If  we  place  a  table  a<,Minst  the  wall  of  a  room,  and  on 
the  table  spread  out  one-half  of  a  sheet  of  paper,  and  on 
the  wall  fasten  the  other  half  of  the  sheet,  so  that  the 
crease  in  the  paj-er  follows  the  line  of  junction  of  the 
table  and  the  wall,  we  have  two  planes  at  right  angles  t.. 
each  other.  A  part  of  Fig.  58  represents  this.  H.  P.  is 
the  half  of  the  sheet  on  the  table :  V.P.,  that  on  the  wall; 
and  XT,  the  crease.     ff.P.  and  V.P.  are  planes.     ff.P.  is 
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the  horhoufnl  plane  of  projn't'nn  ;  T. /'.,  the  vertical  plane 
\f  project  ion  ;  aii<l  A'}',  xlw  i/romul  tiih  . 

Tlif  u'i"'"Ui<l  lint'  is  of  iUM»'.-,>ii\  ii  sti-ai;,'lit  line;  the 
OtluT  l»()iin(liiii,'  liiii'H  of  the  plains  inav  Im-  strai<rlit  or 
;urv«.Ml.  Ill  (lie  (liai,'rauis.  for  ilic  sake  of  aiiiiearaiicf,  the 
boundiiiir  lines  art-  slraii^iit,  fillicr  Ncrliciil  or  liori/.onial. 

If  we  fxtcnd  tlic  Inui/ontal  jilaiu'.  //  /'.,  ami  tlic  verti- 
cal plant',  r. /'.,  so  tliiit  tin;  one  passes  lIuoiiiLfli  tlie  otl.er, 
we  liasf  tlie  two 
planes  as  in  tlie 
(liaifiani  (  I-'iij.  Tj.S). 
The  (»l)si'rver  is  sup- 
posi'd  to  lie  standiiij,' 
a  little  to  the  left 
of  the  fi<fure,  so  that 
lus  eyes  are  above 
the  horizontal  plane 
and  in  front  of  the 
vertical  plane,  both 
of  wliich  he  is  look- 
ing at  ()bli(juely.  Fkj-  -W. 
Lines,  or  parts  of  lines,  whieli  cannot  be  set  n  on  account 
of  the  plane  coming  between  them  and  the  observer's 
eyes,  are  dottetl  lines.  For  instance,  the  observer  can 
see  the  parts  of  the  planes  represented  in  the  illustration 
by  the  sheet  of  paper,  and  therefore  the  bounding  lines 
of  these  parts  of  the  planes  are  full  lines.  When  the 
horizontal  i)lane  is  extended  beyond  the  vertical  plane, 
part  of  the  bounding  line  cannot  be  seen,  and  hence  it  is 
shown  by  dotted  lines.  For  a  similar  reason  a  part  of  the 
vertical  plane  is  bounded  by  a  dotted  line. 
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III   llu'   (lia.irnin.    (V\^.  -,H),  .1  is  a  i...int  in   tlic  space 

alM.ve  the  i...rizniital  plum,  u,,,!   i„    f,.o„t  „f  tluj   vertical 

I)lane:    /y.  a  {.uint  ahove  tlie   horizontal  and    i)ehin(l  the 

veitical;  C,  a  j.oint  below  the  horizontal  and  hehind  the 

vertical;  and  A  a  j.nini  l..-I,,\v  the  horizontal  and  in  front 

of  the  vertical. 

The  i.oint  .4  is  projrrf,;/  npon  the  two  planes;   that  !.« 

in'rpendicnlars  are   drawn   from   A   to  each   plane.     The' 

point    where    the    perpeii- 

dicu'iir  meets  the  hoiizon- 

tal  jtlane  is  marked  u.  .md 

a    is   t-alled    the    hnrizoiitaJ 

jinijfrfiun   oi'    ji/iiK    u|'    ,1. 

Si.iiilii,  !;,-,  d'  is  the  rr/v  (.7//     A' 

firitiiftl'in  or  ih-t'otion  of  .1. 

Tiiis  will  Ih'  clearly  nnder- 

.st"(.d  if  tlif  stndtii  retnrns 

to  tht!    illustration   of  the 

sheet    of    papi  r.       Wlui:,  Fi.j.  r>!t. 

as  before,  one-half  is  on  the  table  and  the  other  on  the 
wall,  place  a  post  card  in  the  space  between  the  halves  of 
the  sheet  so  that  the  card  stands  erect  on  the  ILP.  and 
comes  ont  at  riir|,t  an-les  to  the  V.P.  Then  the  corner 
of  the  card  cm  neither  plane  represents  the  point  ^  ;  the 
corner  on  the  HP.  onlv,  the  point  a;  and  the  corner  on 
the  r.P.  only,  the  point  a'.  Notice  that  the  distance  of  vl 
from  the  JI.P.  is  measured  by  the  length  of  Aa,  and  that 
this  length  is  equal  to  a'X  that  is.  to  the  distance  of  the 
vertical  i)rojection  of  A  from  the  ground  line.  Similarly, 
Aa'  is  equal  to  aN.  The  projections  of  £,  C,  and  2),  also, 
are  shown  in  Fi^.  58. 
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The  system  of  lettering  should  be  carefully  noted. 
Points  in  space  are  marked  A,  B,  C,  J),  etc. ;  their  hori- 
zontal projections,  a,  b,  c,  d,  etc.;  and  their  vertical  pro- 
jections, a\  f)\  c',  d\  etc. 

We  have  looked  up(»n  points  in  reference  to  their  posi- 
tions witli  regard  to  the  two  planes.  We  now  consider 
them  in  respect  to  one  i)lane  only,  but  in  such  a  way  that 
their  true  relations  to  tlie  two  planes  are  still  maintained. 
Coming  again  to  the  illustration  of  the  paper  on  the  table 
aid  wall,  if  we  imagine  tlie  table  drawn  out  from  the  wall 
and  the  \\;\\[  of  the  sheet  formerly  on  the  wall  moved 
backwards  until  it  and  the  other  half  present  a  flat  sur- 
face of  papi'r,  tlie  sheet  of  paper  no  longer  represents  two 
jilanca,  but  one  plane  only. 

Referring  to  Fig.  58,  the  V.P.  is  supposed  to  be  moved 
about  XV  .\A  an  axis  till  it  coincides  with  the  H.P.,  the 
motion  being  such  that  the  upper  part  of  the  V.P.  re- 
cedes, and  therefore  the  lower  part  moves  forward. 
Points  in  tlie  H.P.  do  not  change  their  positions.  Points 
?n  the  upper  half  of  the  V.P.  move  farther  away  from  the 
)bservef,  and  those  in  the  lower  half  of  the  V.P.  come 
Qearei   to  him. 

The  new  state  of  things  is  shown  in  Fig.  .59.  Points 
on  the  n.P.  and  in  front  of  .YF  in  Fig.  58  are  placed 
below  AT  ill  Fig.  .•)9.  Hence  a  and  d  are  below  XY. 
So  also  are  v'  and  d\  for  by  the  turning  of  the  V.P.  they 
come  nearer  to  the  observer.  On  the  other  hand,  h  and  <? 
as  well  as  a'  and  h'  are  above  AT. 

When  bdili  planes  are  represented,  the  figure  may  be 
called  a  pirtorial  one.  In  it  lines  have  not  their  true 
lengths  or  inclinations  to  one  another.     When  only  one 
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plane  is  represented,  the  problem  is  resolved  into  one  of 
Descriptive  Geometry.  Here  all  lines,  distances,  etc.,  are 
truly  represented. 

It  is  advisable  for  the  beginner  in  every  problem  to 
draw  two  diagrams,  the  one  showing  points  and  lines  with 
reference  to  the  two  planes  of  projection,  the  other  show- 
ing their  positions  when  the  two  planes  are  resolved  into 
*ne. 

To  make  the  problems  simpler  and  more  definite, 
numerical  values  are  assigned  to  the  distances  of  points 
from  the  two  planes,  the  lengths  of  lines,  the  inclination 
of  lines  to  the  planes,  etc. 

Note.  —  In  the  problems  and  exercises  of  this  chapter  the  mark  '' 
moans  inches. 

Pkorlem  53.  To  draw  the  projections  of  the  follow- 
ing  points  (Fig.  00)  : 

1.  A  to  be  1"  above  the  H.P.  and  l.i"  in  front  of  the 
V.P. 

±  B  to  be  1"  below  the  1L1\  and  1.'/'  in  front  of  the 
V.P. 

3.  CU,  be  1"  above  tlie  11. P.  and  in  the  V.P. 

4.  I)  to  be  i|"  above  the  E.P.  and  |"  behind  the  V.P, 

5.  ^to  be  in  the  H.P.  and  U"  in  front  of  tlie  V.P. 
T).  Fi^  be  1"  below  the  //./'."and  l.V  beliind  tlie  V.P. 
7.  G  to  be  in  tlie  H.P.  and  in  the  V.P. 

In  this  problem  it  is  not  necessary  to  draw  the  diagram 
of  the  position  of  the  points  with  reference  to  the  two 
planes  of  projection,  for  tliey  can  be  understood  by  ref- 
erence to  Fig.  58,  in  which  the  points  are  in  some  respects 
similarly  situated. 
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1.  A  is  situated  similarly  to  A  in  Fig.  58.  a  is  1|" 
from  XY,  and  in  front  of  it.  a'  is  above  XY,  and  when 
the  V.P.  is  turned  a'  is  on  the  other  side  of  XY  and 
1"  from  it.     Also  a'  is  directly  opposite  to  a.     Hence  the 
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f<  [lowing   construction  :    Draw   a  ground  line  XT,  and 
the  line  a'a  at  right  angles  to  it.     Measure  the  part  itbcve 
.XT  1"    in   leiigth    and    tiic   part   below  l^''   in   length. 
Thus  the  vertical  and  horizontal  projections  a  and  a'  ar& 
determined. 
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2.  B  is  similar  to  D  in  Vv^.  58.  Its  horizontal  pro- 
jection is  fiirtlu'r  from  tlie  ground  line  than  its  vertical 
projection  is.  Heiuc,  when  the  ]\P.  is  tnrned,  h'  comes 
directly  Ijctween  h  and  the  ground  line.  Hence  the  fol- 
lowing construction  :  Draw  a  line  l)eh)w  XFand  perpen- 
dicular to  it.  Measure  off  the  lengths  U"  and  1".  This 
determines  the  i  oints  h  and  h' . 

3.  When  C  is  in  the  F.P.,  its  horizontal  {)rojection  is 
in  the  ground  line.  Av  hen  the  V.P.  is  turned,  a'  recedes. 
We  therefore  draw  a  line  above  XY  .]"  long  and  per- 
pendicular to  it,  and  get  the  points  c  and  c' . 

4.  I)  is  similar  to  B  in  Fig.  58.  Wiien  the  V.P.  is 
turned,  both  projections  are  behind  the  ground  line,  the 
vertical  projection  being  farther  from  the  ground  line  than 
the  horizontal  one.  Hence  draw  a  line  at  ri<rht  anerles  to 
XY ^m\  above  it,  and  measure  lengths  3"  and  \\" .  Thus 
the  points  d  and  d'  are  determined. 

5.  E  being  in  the  H.P.,  its  vertical  projection  is  in 
the  ground  line.  Its  horizontal  projection  is  1|"  in  front 
of  the  ground  line.  Draw-  a  line  1.]"  long  })cl()w  XFand 
perpendicular  to  it,  getting  the  points  e  and  e' . 

6.  F  is  similar  to  C  in  Fig.  58.  When  the  V.P.  is 
turned,  c'  is  raised  and  comes  in  front  of  the  ground  line. 
c  remains  behind  the  ground  line.  We  therefore  draw 
a  line  at  right  angles  to  XY,  and  make  the  part  above 
XY\\"  long  and  that  below  1"  long,  tliereby  getting  the 
points /and/'. 

7.  For  6r  to  be  in  the  EP.  and  the  V.P.  it  must  be 
in  the  ground  line,  the  only  lino  common  to  the  two 
planes.  Its  two  projections  coincide.  They  are  shown 
by  the  point  g,  (f. 
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PiCOBLEM  r)4.    A 

is  a  point  |"  above 

the//.P.  aml1"in 

front  of  the  V.J*. 

To   find    the    dis- 
tance   of    A    from 

the     i^round     line 

(Figs.  61,  (12). 
Take      B,     any 

point      in      the 

ground    line,    and 

erect  a  perpendicu- 
lar Ba'.     This  line 

will  be  in  the  V.P. 

and  its  length  will 

be  called  3".    Also 

from  B  draw  Ba,  a  perpendicular  to  the  ground  line.  1" 
long  and   wholly  in   the  Il.P.       Complete  the  rectangle 
iiBa'A.     Thus  yl  is  fouii  i. 
AB   is   the   distance    of 
A    from   the  ground  line, 
A(iB  stands    for   a    right- 
iu.  ,       triangle,    of    which 
Aa  and  Ba  are  the  two  per- 
[K'lidicular  sides.     Find,  as 
in    Fig.  62.   a  and  a\  the 
projections  iti  A.     Willi  B 
as    a    centre     and     Ba    as 
radius,  describe  llic  ai'c  aC, 
nu-eiing  A' Tin  C.     a' C  is 
the   rccjuired  length.      Its  p,^,  ^jo. 
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length  as  found  by  tlu-  scale  is  1 1".  Its  IcMi-th  may  be 
ff(»t  by  calculation,  for  the  sciuaiv  on  a'C  is  equal  to  the 
sum  of  the  squares  (,n  a' B  and  BC.  that  is,  is  equal  to 

Phofu.km  .*);■).     To  project  the  followinj^  lines  : 

1.  AB,  1,]"  l„ng,  ■["  in  front  of  tlie  V.P..  and  standincr 
erect  on  the  //.  I\ 

2.  CD,  11"  lono-,  1"  above  the  II.  P.,  and  standing  out 
directly  from  the  r.J\ 

3.  FF,  I"  long,  1"  above  the  II.P..  \"  in  front  of  the 
V.P.,  and  parallel  to  both  the  H.P.  and   VP   CFi^s   CA 
64).  ■  '^    ^         ' 
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1.  Tlu'  horizontiil  i)rujectiuns  of  A  luid  B  coincidt',  ami 
in  FiLT.  (54  are  niark.d  a  f,  and  are  |"  in  front  of  tlie  WJ*. 
in  Fitr.  G;i,  and  tlierefore  |"  below  A'}'  in  Fig.  154.     The 
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Fio.  64. 

horizontal  projection  of  the  line  AB  is  a  point,  and  the 
vertical  projection  is  a'6',  1|"  loner,  and  above  tiie  /T.P. 
in  Fig.  63,  and  therefore  above  XV\n  Fig.  »;4. 

2.  The  horizontal  projection  of  CD  is  1]"  long  and 
is  in  front  of  the  V.P.  in  Fig.  63,  and  therefore  below 
-XFin  Fig.  64. 

3.  Since  UF  is  parallel  to  the  II  P.  and  to  the  V.P., 
its  projections  are  parallel  to  the  gronnd  line.  Its  hori- 
zontal projection  is  1"  long,  and  is  |"  in  front  of  the 
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V.P.  in  Fii,'.  03,  and  therefore  |"  below  XY  in  Fig.  64. 
Its  vertical  projection  is  1"  long,  and  is  1"  above  the 
B.P.  in  Fig.  (13,  and  therefore  1"  above  XFin  Fig.  64. 

Pkoblem  ")(».  To  draw  the  projections  of  a  line  AB, 
1"  long,  in  the  following  positions: 

1.  Lying  in  the  If. P.,  at  an  angle  of  60°  to  tlie  V.P., 
and  one  end  touching  the  V.P. 

2.  Parallel  to  the  IT.P.,  at  an  angle  of  60°  to  the  V.P., 
I"  ab.)ve  the  ff.P.,  and  one  end  touching  the  V.P. 

3.  Lying  in  the  V.P.,  at  an  angle  of  60°  to  the  ff.P., 
and  one  end  touching  the  If.  P. 

4.  Parallel  to  the  V.P.,  at  an  angle  of  60°  to  the  ff.P., 
^"  in  front  of  the  V.P.,  and  one  end  touching  the  H.F, 
(Figs.  65,  66), 


Fig.  65. 


1.  As  AB  is  in  the  IT.P.,  its  vertical  projection  lies  in 
the  ground  line.  The  line  itself  is  the  horizontal  projec- 
tion, and  a'B  is  the  vertical  projection. 
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2.  As  AJi  is  paniUel  to  the  7/.P.,  its  horizontal  projec- 
tion is  1"  Unig  and  makes  an  an^'le  of  t>0°  with  tlie 
gronnd  line:  and  its  vertical  projection  is  parallel  to  the 
ground  line  and  .'"  above  it. 


1 
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3.    As  AB  is  in  tli 


in  the  j^ronnd  line 


r.P.,  its  horizontal  })rojection  lies 
The  line  itself  is  the  vertical  projec- 
tion and  (fB  is  the  horizontal  projection. 

4.  As  AB  is  parallel  to  the  ['.P..  its  vertical  projection 
is  1"  lon<^  and  makes  an  angle  of  HO"  with  the  i^round 
line;  and  it.s  horizontal  jirojection  is  juirallel  to  the  ground 
line. 

EXERCISE   XXIII 

NoTK.  —  Ill  each  of  thp  following  exorcises  two  diagrams  should  be 
drawn,  tlie  one  showing  botli  phines.  and  the  other  one  plane  only. 

1.  A  is  1|"  above  the  H.P.  and  |"  in  front  of  the 
V.P.  ;  5  is  ]|"  above  the  Il.P.  and  i"  in  front  of  the 
V.P. ;  Cis  1"  above  the  ILP.  and  l""behind  the  V.P.; 
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and  I)  is  I"  l.flow  the  IIP.  and  1|"  hfliiiul  the  V,P. 
liepreseiit  these  points  iind  their  ])rt»jeetiuns. 

'1.  Find  tlie  distiuice  of  each  point  in  No,  1  from  the 
{,'ronnd  line. 

:{.  Draw  the  projeetions  of  AB,  \\"  lont,',  at  right 
ani^des  to  the  V.P.  and  |"  above  the  //.7^,  its  hack  end 
y^lK'in.,'  .]"  in  front  of  the  V.P. 

A.  Of  the  same  line,  at  right  angles  to  the  11. P.,  'l"  in 
front  of  the  V.J'.,  its  lower  end  Ji  l.ciiig  .]"  above  the  II.  l\ 

>').  Of  the  same  line  lying  in  the  Jf.J\  and  making  an 
angle  of  :\if  with  the  ground  line,  its  bark  end  i^beint:  V 
in  front  of  the   ]\J*. 

t).  Of  the  same  line,  parallel  to  both  planes  and  1"  fro.n 
ea(;h. 

7.  Represent  a  ladder  with  its  top  reaching  a  window 
1')  feet  from  the  ground  and  with  its  base  20  feet  from 
the  wall.  I'se  the  scale  of  10  feet  to  an  inch  and  neglect 
the  breadth  of  the  ladder.      Draw  its  projections. 

8.  Keprtisent  a  neeille,  2  inches  long,  stuck  in  a  wall  so 
as  to  make  an  angle  of  45°  with  it  and  to  be  parallel  to 
the  tloor  and  1  inch  from  it.     Draw  its  projections. 

*.♦.  Place  a  table  against  the  wall.  Put  a  post  card  on 
the  table.  With  a  short  edge  touching  the  wall  and  the 
rightdiand  edge  remaining  on  the  table,  lift  tlie  other  edge 
till  the  card  turns  through  angles  of  30°,  45°,  60°,  and  00°. 
Draw  a  diagram  to  show  the  projections  of  tlie  card  in 
these  four  positions.     Scale  of  2  inches  to  an  inch. 

10.  Keeping  the  short  edge  of  the  card  in  No.  9  touching 
both  the  table  and  the  wall,  turn  the  card  about  thai  edge 
tlirough  angles  of  30°,  45°,  60°,  and  90°.  Draw  a  diagram 
to  show  the  projections  of  the  card  in  the  four  poBitiona. 
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IJv  irorkliiii  (1ran'iiii/x  iiic  ini'iiiit  those  (Irawiiifrs  so  made 
willi  mallii'iiiatiral  {ircrisioii  that  any  one  const nictini,^  an 
ohji'ci  tVoin  tluMu  may  take  any  nieasiirenicnt  or  sliape 
re(jiiiit'il  directly  I'roni  the  drawing,  by  aj)plying  the  scale, 
<'onij)asscs,  or  other  instrument. 

A  littK-  study  of  Fig.  tiT  will  show  that  a  pictorial  or 
jh'rxpi'rtti','  drawing  of  an  object  will  not  serve  for  a  work- 
ing drawing.  The  ob- 
ject represented  is  a  box. 
The  aiijf'js  at  the  cor- 
ners of  the  box  are  really  jif 
right  angles,  and  the 
lines  AB[  Da  and  FG 
are  really  efjiial  to  one 
another.  But  in  the 
<liagram,  DC  is  longer 
than  either  AB  or  FG, 
^md  DAI)  is  an  angle 
less     than     90°,     while 

ADC  is  an  angle  greater  than  90°.  It  requires  a  great 
deal  of  mathematics  to  determine  the  real  lengths  of  lines 
and  exact  sizes  of  angles  from  a  true  perspective  drawing. 
Such  a  drawing,  therefore,  is  not  suitable  for  a  working 
drawing. 
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In  order  that  iiny  (liim'iision  tuiiy  l»e  tiiki-n  directly 
from  the  dniwiii^',  a  prnjertiim  dniwiii^',  or  nrthxjraphic 
I)i()je('ti(tn,  is  iiia(k'. 

In   tlu'   persjH'ctivr   dniwiiig  (  Fij,'.   MT ),  tlirct!  sides  of 
the  l)()x  are  shown.      In  a  prujcctictii   drawing',  however 
tliree  diagrams  are  needed  to  show  the  three  si(U-s. 

Kijriires  rvUUI  of  Chapter  X  illustrate  the  method  ot 
projecting  lines  upon  the  planes  of  projection.      Similarly 
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any  surface  may  be  projected  upon  a  plane.  Figures  68 
and  69  represent  this.  GHKL  is  the  plane  on  which  the 
surface  ABODE  is  to  be  projected.  To  find  its  projec- 
tion proceed  thus  :  From  A,  B,  (7,  i),  and  £,  drop  per- 
pendiculars  u»  the  plane,  intersecting  it  in  the  points  a,  5, 
c,  d,  and  e.  Join  these  points  in  order.  Then  the  figure 
ubcde  is  the  projection  of  the  given  surface.  In  Fig.  68 
the  surface  is  regarded  as  being  parallel  to  the  plane 
GHKL.     Then,  A,  B,  0,  D,  and  E  are  equidistant  from 


?  ! 

t"     i 

r  i 


tti4«J*»^»ir-»ai.:fT-..  '.iM.-  ■ 


92 


MKCUANICAI.    DKAWING 


II 

i 


the  plane,  and,  tlierefoi'e.  the  perpeiidicuhirs  .1'/.  /?/<,  etc., 
are  eijual  to  nne  aiiolhei'.  It  t'onows  iK  it  AB  —  <tfi,  liC  —  he, 
etc..  aiitl   that   tlie  pinject hm  ii/>r /,'  is  e([iial  to  the  .surt'aee 

ABcnt:. 

In  I'i'^''.  •'!•  till-  surtat'e  is  I'e^arih'd  as  hcini;"  olilitjue  to 
the  plant'  a  IIKL.  In  this  ease,  tlie  jxiints  J,  li.  i\  />, 
ami  K  are  no'  •(]  nidistant  iVoin  the  plane,  and,  tlierefore, 
the    perjH-ndicMlai  s    .1.;,    lib.   ele.,    art'    nol    etpial    to    one 
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Ik;,  (li). 
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anotlier.  i-"or  exaniph',  ('  is  farther  from  tlie  plane  tlum 
B  is.  IIi'iKH'  ('<■  is  Ljrealer  than  />//.  and  therefore  JW  is 
greater  than  li<\  It  follows  that  the  projeetion  (dn'de  is 
smaller  than  the  snrfaee  AIU'IfK. 

In  llie  simplest  drawin^-s,  the  ohjeet  to  he  represented 
is  assumed  to  he  so  placed  that  one  of  its  flat  surfaces, 
or  one  <d"  its  centre  lines,  is  parallel  to  one  of  the  })lanes 
of  proic'tion.  This  method  can  be  adopted  when  single 
pieces  of  a  complex  object  are  represented  separately. 
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In  representing  coinplicatecl  pieces  wliere  the  parts  are 
joined  at  virions  angles,  sncii  an  assnniption  cannot  con- 
veniently be  made.  For  sncli  pi(\'es  of  work  many  dif- 
ferent drawings  may  be  needed.  Kacli  piece  that  cannot 
be  shown  in  true  shape  and  i)roportion  upon  tlie  plan  and 
elevation  of  the  whole  must  b.'  givi-n  in  a  plan  and  eleva- 
tion separately.  For  e.\.an'[)ie,  a  joining  not  slunvn  in 
the  g.'iieral  view  must  be  shown  by  giving  the  plan  oi 
elevation,  or  both,  of  a  cutting  through   the  joining. 

lU'forc  gi\  ing  any  woi-king  drawings,  it  will  be  well  to 
notice  the  chai'ai-lcr  of  the  1:  .  s  usi'd  in  drawings  which 
arc  ina'.le  in  one  coli>r  onh  : 


1.    The   full  line 


.,  used  in  ouilining  iigures 


and  in  rcpi'est'iiting  lines  of  t,.     object  that  can  be  seen. 

'1.    The  dotted  line   niaile  up  of  short 

dashes,  to  represent  a  line  of  the  object  which  is  hidden  in 
the  view  shown. 

8.  Tlie  broken  and  dotted  line ■ .  to  repre- 
sent an  axis  of  the  object,  and  also  when  a  sectional  view 
is  given,  to  show  where  the  section  has  been  made. 

4.    The  broken  line  of  long  (hishes. 


.4 


1    3   " 
'  10 


used   for  dimension   lines.     This  means  that  the  distance 
from  A  to  B  is  T^^-  inches,  m 

5.  The    freehand    cui-ves    iir:.   to  show  a   view  across 
tlie  fibre  of  the  wood.  ^ 

6.  The    parallel    lines    ^.,    oblique    to    the    axis,    to 
indicate  views  of  sections.  ^^^^ 

The  student  should  now  be  able  to  read  a  simple  work- 
ing drawing,  to  understand  the  diagrams  that  follow,  and 
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to  make   for  himself    the  drawings  asked    for  in   Exer- 
cise XXIV. 

PuoBLKM  57.  To  make  a  working  drawing  of  a  fishing- 
line  winder  to  be  constructed  from  a  piece  of  wood,  6  inches 
long,  2  inches  wide,  and  ^  incli  thick  (Fi^j.  70). 


ni 


Fig.  70. 

To  return  to  the  illustration  of  the  table  against  the 
wall  (see  page  77).  Regard  the  winder  as  being  parallel 
to  the  table,  at  right  angles  to  the  wall,  and  equidistant 
from  both.  Then  the  projection  on  the  table,  or  the  plan, 
is  equal  to  tlie  upper  surface  of  the  winder  ;  and  the  pro- 
jection on  the  wall,  or  the  elevation,  if  equal  to  one  of  the 
ends.     In  the  diagram,  tlic  iilan  is  to  the  left  of  XY,  and 
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the  elevation  to  the  right.  The  curves  at  tlie  ends  of 
the  winder  are  .semicircles  of  j  incli  radius,  and  the 
curves  at  the  sides  are  arcs  of  '4  Indies  radius.  'I'he  length 
of  the  winder  is  marked  on  the  i)lan,  and  the  width  and 
thickness  are  marked  on  the  elevation.  The  grain  .)f  the 
wood  is  shown  by  the  freehand  curves  in  the  elevation. 


Soale.  4  in.  =  l  in.      ' 

Fia.  71. 


Problem  58.  To  make  a  working  drawing  of  a  pencil 
tray,  8  inches  long,  o  inrhes  wide,  1|  inches  deep,  and 
made  of  wood  |  inch  thick  (Fig.   71). 

Regard  the  tray  as  being  placed  in  a  position  similar  to 
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that  of  tlie  winder.  Tlien  the  plan  of  the  tray  is  equal 
to  its  hottoMi  snrfiicc,  iin<l  the  twu  levations  to  a  side  and 
an  "lid  res|K'(livt'ly.  Jn  the  diagram,  the  plan  is  below 
AT,  and  the  elevations  are  above.     The  three  series  of 
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curves  11)  tlie  elevation  of  an  end  indicate  that  the  parts 
^•'  ■■  i''  -'  '■■^-  •'  ■"'  wi!t-t-  (h.-Miiiut  pR(c;s.  1  he  pans  or  tlie 
tray  uie  to  be  held  together  by  twelve  nails  placed  in  a 
regular  order      Their  positions  are  shown  by  the  dots  in 
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the  diagram.     The    hickness  of  the  wood  and  dimensions 
of  the  tray  are  marked  on  the  di.igrani. 

i*K(ji{LKM  59.  To  Mke  a  working  drawing  of  a  cross- 
halving  joint.  The  w«)od  is  |  inch  thick,  and  the  other 
dimensions  are  as  marked  on   Fig.   7'2. 

Tlie  cross  is  sn})[)osed  to  be  phiced  parallel  to  the  H.P., 
and  to  have  its  sectional  line  BC  [)arallel  to  the  I'. P. 
A  vertical  cntting  is  made  alonjr  BC.  and  its  elevation 
is  shown  to  the  right  of  XV.  The  view  of  the  section 
is  indicated  hy  jnirallel  lines,  of  whicii  there  are  two  sets 
to  show  that  this  section  is  made  np  of  two  distinct 
pieces. 
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EXERCISE  XXIV 


1.  Make  a  drawing  of  Kig.  70,  trne  size. 

2.  Make  a  drawing  of  Fig.  71,  trne  size. 
8.    IShike    a   drawing   of    Fig.    72, 

trne  size. 

4.  Draw  the  plan  and  elevation 
of  a  calendar-hack,  here  represented 
in  perspective.  'I'lie  {)articnlaiN  are  : 
greatest  length,  tl  iiiclies  ;  breadth, 
4|^  indies  :  thickness.  '^  inch  :  radius 
of  cnrve,  o  in, -lies  :  centre  of  cnrve, 
('([uidistant  from  the  sides  :  at  the 
middle  points  of  the  iirsl.  third,  and 
fifth  radii,  holes  -^  inch  in  railins  are 
lo  bu  bori'd,  ulnl  at  puiui>  .1  inch 
from  the  middle  points,  holes  j  inch 
in  radius  are  to  be  bored ;   and  on 
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the  second  and  fourth  radii,  hoh's  |  indi  in  radi  is  are  to 
bt;  bored. 

L>.  Draw  a  phm  and  an  elevation  of  a  rectaiiLTidar 
photo<,'raph  frame  to  be  made  according  to  the  following,'' 
t'jrections:  k'n«:tl»,  7  inches;  breadth,  (I  inches;  thick- 
ness, I  inch  ;  tlie  opening,  rectanguhir  and  1]  inclies  from 
the  edges  of  the  frame  ;  the  strips  at  tlie  l)ack,  three  in 
number,  eaeli  .]  inch  wide  and  |  deep,  and  nailed  at  a  dis- 
tance of  ]  intli  from  the  edge  of  the  opening;  the  back,, 
just  covering  the  strips  and  |  inch  thick. 

G  Draw  a  side  elevation  and  a  i)lan  of  a  frame  throuLdi 
which  i)oys  roll  marbles.  The  frame  is  1:2  inches  lonsr, 
3  inclies  wide,  ^  inch  thick,  and  has  five  openings  at  regu- 
lar intervals.  The  length  of  each  of  the  ])arallel  sides  of 
the  oj)eiiings  is  1  inch,  and  the  tops  of  the  oi)enings  are 
semicircles  whose  radii  beginning  at  an  end  are  respec- 
tively |,  ^,  1,  |,  and  I  inches. 

7.  A  pin  tray  is  to  be  made  from  a  hloek  of  wood 
G  inches  long.  '2  inches  wide,  and  1  inch  deep.  Tiie 
gn)ove  is  to  be  ]  inch  from  the  sides,  to  have  semicircular 
ends,  and  to  be  gouged  to  a  depth  of  1  inch.  Draw  a 
[)lan  and  two  sections,  the  one  section  vertical  and  through 
the  middle  of  the  tray  lengthwise,  the  other  section  verti- 
cal and  through  the  middle  of  the  tray  crosswise. 

8.  Draw  a  i)lan.  an  elevjition,  and  a  cross  section  of  a 
trunk.  I.ength  is  0  inches  ;  breadth,  3  inches  ;  thickness 
of  main  parts.  ^  inch  ;  inside  depth,  2  inches,  and  lining 
of  the  cover.  |  inch  thick.  The  trunk  is  so  made  that  an 
end  of  each  of  tlie  sides,  the  and  of  the  bottom,  and  the 
end  of  the  cover  are  in  full  view. 

9.  Make  a  working  drawing  of  a  wall  bracket,  giving 
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a  plan  and  a  front  and  a  side  elevati(»n.  Do  your  own 
desi^Miin^r.  takinj^  into  account  that  tlic  three  pieces  of  the 
bracket  are  to  he  made  out  of  one  piece  of  material,  which 
is  14  X  4]  X  .]  inclies. 

10.    l)csij,ni  and  i,nve  a  working  drawing  of  a  test-tube 
h(»lder. 

MISCELLANEOUS   EXERCISES 

XoTK.     Excrrisfs  taken  from  thocxaiiiinatioii  papers  for  tlie  Ilijjb 
Soliools  (if  N'dva  Scotia  aii'  iiulicattMl  iiy  tlic  letter  Cor  IK 

1.  Draw  a  (luadrilatend  whose  sides  shall  be  8<5,  48, 
54,  and  42  feet,  and  the  diagonal  joining  the  ends  of  the 
first  and  second.  HO  feet.  Measure  the  length  of  the  other 
diagonal,  the  size  of  eacli  of  tlie  four  angles  of  the  quad- 
rilateral, and  its  area. 

•J.  Draw  as(iuareeaeh  side  of  which  is  1  dm.  long.  On 
one  side  of  the  s(juare  draw  a  triangle  whose  two  remain- 
ing sides  shall  be  respectively  .OS  and  .7t;  of  a  decimeter 
and  within  the  .s(iuare.  Join  the  apex  of  tlui  triamde 
with  the  remaining  angles  of  the  scpiare.  Find  by 
measurement  the  lengths  of  these  two  sides  and  .he 
degrees  in  each  of  the  four  angles  at  the  apex  of  the- 
original  triangle.      ('C.  18!V).) 

8.  On  a  line  BC  120  inches  in  length  describe  a  tri- 
angle ABC.  having  the  angle  at  B  44°.  and  that  at  C 
62°.  Uiseet  each  of  these  an<,des  b\-  lines  meeting  at  D. 
Measure  the  lengths  of  AB,  AC,  DA.  DB,  and  DC. 

4.  A  ladder  is  80  feet  long.  When  its  foot  is  in  a 
certain  place  on  the  ground  its  top  will  reach  a  window- 
on  one  side  of  the  street  20  feet  from  the  ground,  or  a 
window  on  the  other  side  of  tlie  street  25  feet  from  the 
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ground.  Draw  a  diagram  to  represent  this  and  find  the 
width  of  the  street. 

5.  On  a  line  Bt\  48  feet  htiii,',  (U;seribe  first  a  triangle 
ABC  having  the  angles  at  B  a, id  C  4H°  and  fA"  re- 
spectively ;  and  secondly,  a  sijuare  B[>EC  on  the  other 
.side  of  BO.  Find  the  distance  of  A  from  each  corner  of 
the  square. 

♦>.  On  the  scale  of  100  feet  to  an  inch  draw  the  plan 
of  a  plot  of  land,  .'l/y('/>A',  hounded  as  follows:  From 
A  to  B  4.")«;  feet,  thence  ,S0°  to  the  right  :U0  feet  to  (', 
thence  oO"  to  the  right  :i78  feet  to  />,  thence  Oo°  to  the 
right  oOi>  feet  to  A',  thence  to  the  point  of  coniniencenient 
at  ^1.  Kind  the  lengtiis  of  AE.  AD,  and  A<\  and  the 
internal  angles  at  ^1  and  A';  and,  by  drawing  perpen- 
diculars from  the  vertex  to  the  base  of  each  triangle,  find 
the  area  in  scpiare  feet  of  the  whole  plot.      (  C,  1898.  j 

No'l  1'..        SiH'   Iioti'   lllnltT  CXtTcisi'  ■_*(),   IKl'^ii  If. 

7.  Draw  a  rhombus  '20  feet  on  a  side,  the  length  of 
the  longer  diagonal  being  82  feet.  Find  the  length  of 
the  other  diagonal,  and  the  area  of  the  rhombus. 

S.  To  measure  tlu;  height  of  a  flagstafY  standing  on 
the  lo[>  of  a  building  a  man  i>roceede(l  thus:  At  a 
certain  [)oiut  on  the  ground  he  measured  the  angle  of 
elevation  of  tiie  top  of  the  :4atY'  and  found  it  to  be  47". 
He  then  walked  1<»0  feet  direetly  towards  the  building, 
and  at  the  point  reached  measured  the  angles  of  ele- 
vation of  tin'  tops  of  the  staff  and  building,  and  found 
them  to  be  S2  and  71'  respeclively.  How  long  was  The 
,stafT  ? 

0.    Draw   a    regular    pentagon    on    a  base   of   40   feet. 


M  ISC  E I.  L  A  X  K( ) US   E X E RC ISES 


10] 


Find  its  centre,  the  distance  of  tl.e  centre  from  a  side, 
and  the  area  of  the  pentaj^'on. 

10.  The  first,  second,  and  third  sides  of  a  quadrihateral 
are  respe.-tively,  Of,,  28o,  and  120  f.-ct.  The  angle  contained 
by  the  hrst  and  second  si.h-s  is  120°,  and  that  by  the 
second  and  third  si.lcs  is  (;-,°.  Fin<l  the  fourth  side  and 
the  other  angk's.      ( />,  l8i«'J.) 

11.  A  tower  is  in  a  level  country.  To  determine  ith 
height  a  man  measured  its  angle  of  elevation  as  observed 
from  a  certain  point  on  tin-  ground  and  found  it  to  be 
43°  ;  and  that  as  observed  at  a  point  200  feet  nearer  to 
the  tower  he  found  to  be  70^      How  high  was  the  tower'' 

12.  Draw    the    hexagon    AHCUEF  and    measure    ita 
angles,    given    An=.^\\\    /;(,'=  S7,    C'/>  =  77,    DE=b\ 
EF=  67,  FA  =  ♦;;;,  AE=  121,  AD=  TH3,  and  BD  =  149.  ' 

1--5.  A  tclcph..ne  post  is  (10  feet  high  and  an  electric 
light  jH.st  is  ar,  feet  high.  The  distance  between  them 
IS  80  feet.  How  far  from  the  shorter  post  must  a  man 
whose  eye  is  o  feet  from  the  ground  stand  in  order  to 
just  see  the  top  of  each  post? 

14.  A  ship  sails  east  20  miles,  northwest  45  miles,  and 
northeast  i\0  miles.  Find  the  distance  and  direction  from 
the  point  of  starting.      ((\  \HW.) 

1 ").  Three  lines  OA,  OB,  an.l  OC  are  drawn  from  0, 
m;iking  (Mpial  angles  witli  each  other.  0.4-21;")  inches, 
0/;=2.-,;t  in.-hes.  0('=:\i)7  inehes.  Kind  the  lengths  of 
AB.  BC.  and  ('A.      (t\  litO:}.) 

!♦;.  AHdl)  is  a  (jna.lrili.teniK  .1  /?  =  40.  AD  =  25,  and 
yl6'=:55  ijiches.  Also  angle  ^.1C'=  27°,  and  angle 
tAD  =  A^\  Draw  the  qi-adrilateral  and  measure  BC, 
BD,  and   CI>.     Also  find  the  area  of  the  quadrilateral.  ' 
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17.  Dniw  till'  piMitau'ou  AliCPK.  ^'ivon  AIi  =  'V2i), 
BC=  -24(1.  CD  =  Vm,  Z>i,'==  ;]•;<),  and  A\l  =  "JOO  f.-ct  ;  and 
nuirU'  at  /y  =  110°.  and  an<'l(;  at  C'=  117'.  Mfasiirc  AC 
an<l  /y/>. 

Is.  A  mail  staiidiiiu'  at  a  diHlaiicf  from  a  tatliedral 
tiiKls  that  tilt'  to))  of  the  spire  is  clcvatt'd  :'>(»"  ahovf  the 
liorizoiital  liiif  nii  a  level  witli  the  base  of  the  catlieilral  ; 
lie  then  walks  'JOO  feet  direetly  towards  the  cathedral  on 
that  line  and  limls  the  top  of  the  spife  to  he  elevateil  C,i}°  ; 
lind.  hy  plotting,',  the  height  of  the  spire.      (  <',  T.'OO.  ) 

11).  If  von  leave  a  ceitain  jioint  and  walk  40  feet  to  the 
east,  then  ♦!0  feet  to  the  northeast,  then  T<>  feet  to  the 
north,  then  -W  feet  l(t  the  northwest,  and  then  100  feet 
to  the  southwest,  h<)W  far  is  the  point  at  last  reached 
from  the  startinuf-point  and  from  each  of  the  anf,''ular 
points  ? 

'20.  ^""rrtm  a  point  0  within  a  pentajjfon  the  distances  to 
the  corners  A.  li.  C.  iK  and  A' are  respeetivelv  -Wk  -'K  •'>-. 
30.  and  8;")  feet,  and  t  he  anodes  .4  OH.  JUH\  COlK  and  J>OE 
are  respectively  71°.  .")<•'',  4'.»^,  aiul  H\°.  Diaw  the  pentai^on 
and  lind  the  lent^ih  of  each  side. 

21.  .V  mine  has  a  vertical  shaft  200  feet  deep.  From 
the  bottom  a  tnnnel  is  made  for  a  distance  of  300  feet  on 
an  n[)\vard  slope  of  20°.  It  is  then  continued  at  a  slope 
of  :>0°.  How  far  from  the  mouth  of  the  shaft  will  the 
tunnel  strike  level  ;,'round  ? 

22.  Hy  plottinLT  lind  approxinnitely  the  parts  and  area 
of  the  trians^le  BCE  within  the  quadrilateral  ABCD  ; 
giv.M!  .4^>  =  147.  7;>r=2;l5.  an^de  .4 /X'^  90°.  an<rle 
i>r^=rM°.  angle  BAD^WV,  AE  =  \.)i),  and  Di:=db. 
(C,  1901.) 
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'2'-i.  A  man  stands  I'O  fet't  froui  a  laiu[)-post.  If  his 
sliailow  is  4  feet  loii^  ami  he  is  H  feet  tall,  liow  liij^h  is 
the  lami»? 

'2A.  Two  strai^'lit  lines  A/i  and  ('If  are  eaeli  4ot5  inches 
loni^f  ;  tiiey  cut  eaeh  (illii-r  at  ri,i,'lit  aMj,'les  in  the  point 
0,  so  that  AO  is  11")  inches  lon<,'  and  CO  -'>8  inches. 
Find  the  h'nt,nh  of  Cli  and  the  numher  of  degrees  iu 
the  angh'  CBD. 

2'y.  Make  a  })lan  of  a  fiehl  ABCItKF  from  these  notes: 
I  walk  from  A  due  east  to  D  "JOO  yards;  wlu'ii  I  am  at  Q-^ 
oO  yards  from  A,  B  is  due  north  of  me  and  F  is  due  south, 
eaeli  60  yards ;  and  when  I  am  at  //,  70  yards  from  i),  C 
is  due  north  of  me  and  E  is  due  south,  each  80  yards. 
Find  the  area  of  the  field  and  the  distance  round  it. 

26.  Draw  the  pentapfon  ABCDK  having  ^fi  =  30, 
BC=  36,  CD  =  40,  2)J?=  32,  EA  =  :i2,  angle  at  ^  =  100", 
and  angle  at  (7=  94°.  Measure  the  other  angles  and  find 
the  area  of  the  pentagon.  (The  figure  has  no  reentrant 
angles. ) 

27.  A  man  in  a  boat  observes  the  angle  of  elevation  of 
a  cliff  to  be  40°,  and  that  of  a  tower  50  feet  high  standing 
on  the  cliflf  to  be  50°.  How  high  is  the  cliff  and  how  far 
from  its  base  is  the  boat  ? 

28.  A  beacon  stands  on  the  summit  of  a  hill.  At  a 
point  in  the  plain  the  angle  of  elevation  of  the  beacon  is 
20°,  and  at  a  point  70  yards  nearer  the  hill  it  is  35°.  Draw 
a  diagram,  and  find  the  height  of  the  beacon  above  tho 
level  of  the  plain. 

29.  A  schooner  wishes  to  sail  due  north,  but  meets 
with  a  head  wind.  It  therefore  sails  10  miles  northeast, 
then  16  miles  west,  then  northeast:   and  now  finds  itself 
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due  nortli  of  its  stiirtiii^'-ixiint.  How  many  miles  lias  it 
lost  by  liciiif^  ohligfd  tt»  tuck  ? 

•MO.  t'l)  is  ii  tower  stamlini,'  on  the  inclined  plane  AC\ 
Ali  is  .1  base  line  in  this  plane;  iit  A  the  angle  of  eleva- 
tit»n  of  the  top  of  the  tower  is  4">°,  and  at  B  it  is  08°. 
Ali  is  \\1  ivvX  lonj,'  and  inclined  20°  to  the  hori/on.  Kind 
the  heij^ht  of  the  tower. 

'W.  A  man  nicasinvs  Ali,  on*'  side  of  a  triant,nilar  field, 
and  finds  it  to  !»•  liOO  nultrs  ;  he  measures  the  anijle  at  Ii 
and  finds  it  to  l»e  7-":  he  walks  from  B  to  t\  luit  ne'dcct.s 
to  measure  li('\  he  finds  the  angle  at  C  to  l»e  40''.  Drav 
a  plan  of  the  field  and  find  how  long  BO  is. 

32.  Three  vessels  left  the  same  port  and  sailed  in  differ- 
ent directions.  How  far  apart  wiHl  they  he  after  the  first 
sails  10  kilometers  to  the  south,  the  second  14  kilometers 
to  the  southwest,  and  the  third  l.S  kilometens  to  the 
northeast? 

33.  The  angle  of  elevation  of  the  top  of  a  tower  to  a 
person  standing  on  the  oj)posite  bank  (»f  a  river  is  t)0°. 
When  he  has  retired  100  feel  in  a  straight  line  from  the 
rivi-r,  the  angle  of  elevation  is  4o°.  Find  the  breadth  of 
the  river  and  the  height  of  the  tower. 

34.  A  ladder  placed  at  an  angle  (»f  7.^°  with  the  ground 
just  reaches  the  sill  of  a  window  27  feet  al)ove  the  ground 
on  one  side  of  the  street.  On  turning  the  ladder  over 
without  moving  its  foot,  it  is  found  that  when  it  rests 
against  a  wall  on  the  other  side  of  the  street  it  is  at  an 
angle  of  1.3°  with  the  ground.  Find  the  breadth  of  the 
street. 

35.  ABODE  is  a  field  having  the  following  dimensions  : 
AB  200  yards,  BO  240  yards,   OB  250  yards,   DH  300 
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vanis,  FA  1^30  Viinls,  AC  ;J.")0  viinls.  ami  Af*  .^t'.O  yanls. 
Diivw  a  (lia'Ti'.iii  nl"  tlic  lifld  <ni  a  scah'  wlidsc  it'[)ii'snita- 
tivf  fiactiuii  is  .j^' and  liiid  the  aita. 

•W.  A  tflt'si'o|K'  is  iii»^Miitt'<l  so  that  it  lias  a  n\U)j;('  of  tlie 
si-a  from  the  cast  to  tlii'  north.  A  ship  sailing,'  in  a  north- 
wi'sl  (lirt'ction  aiijifars  in  \  if\v  ami  continiii's  on  the  same 
course  Her  nearest  tlistanei'  away  was  •">  miles.  Kor 
how  many  miles  did  she  sail   within  vifw'.' 

'n .  Dt'scrilte  i-c^'iiiar  [icntaifuns  on  hases  of  •)  and  1.] 
inelifs  lont^  res[iccti\cly  and  comiiare  their  aicas. 

:'„S.  1  .liscrve  the  anv;lr  of  rh'vation  of  the  to[i  of  a  tiee 
to  he  1."^  and  that  of  a  talh-r  tree  hchind  it  to  he  iJO". 
I  walk  :><>  \ards  towards  ihfm,  and  at  the  point  n-r  hed 
notice  that  their  tops  are  in  a  strai'^ht  line  at  a  com  on 
I'lcvation  (d'  hV.  Find  the  heights  of  the  trees  ai."!  the 
distance  hctween  tlu-m. 

:}'.>.  A  hiiov  is  moored  4<M)  yards  from  a  si  mv  from 
which  the  land  has  an  upward  slope,  lirst  of  20"  to  the 
horizon  for  oOO  yards,  and  then  of  o.V  for  4»>(>  yards.  How 
hi<,di  ahove  the  huoy  is  the  top  of  the  slope  '.'  Express  the 
answer  in  (1  )  dee-rees  and  {'2)  yaids. 

40.  ^1,  B,  and  ^7  are  three  towns  in  a  level  country.  A 
is  2  miles  west  and  o  miles  north  f)f  Ji.  C  is  o  nules  west 
and  8  miles  .south  of  B.  Plot  these  points.  Measure 
the  distances  between  the  towns.  What  direction  is  C 
from  A  ? 
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7.   1.26  in. 
9.   77",  103". 


ANSWERS 
TAiir  1 

Exercise  I 
1.   1.86  in.,  1.08  in. 

Ezercise  II 

3.    0.09  iu.,  D  =  34^  E  =  M  . 

Exercise  III 
1.    121°,  4.3^.  4.    .4  =  50°,  B^^V,  C='-r. 

7.  ^Z>  =  3.77in.,   7?Z>  =  2.82  in..   .1:^4:.,   7i  =  7l',  Z>  =  <i4  . 

8.  ;]0\  90°,  15\  120",  00".  9.    3^  in.  10.    m\  114°. 

Exercise  IV 

3.    100  ft.,  207  ft..  r,n  ft.  4.    201  ft.  6.    H.71  mi 

7.    20  ft.  8.    o.Un.i.  9.    4!>..^ft.,  51.3  ft.,  70^  69°, 

10.    0.4  mi.,  7.81  mi..  8.94  mi.,  10  mi. 

Exercise  V 

7.   9.57  in.  9.    .47)  =  ;1.43  in..    /)/?-.  2.05  in..  ^  =  36°,   B-M 

10.    BC  =  2.9  in..  />£"  =  1.45  in. 


5.    13  mi. 

7.    AD  =  BC  =  2.6  in. 


Ezercis3  VI 

10.    5.27  in.,  5.46  in.,  3.76  in.,  3.9  iiv 

Exercise  VII 

8.    1.3  in.  9.    1128  ft. 

Exercise  VIII 
6.    Each  perpendicular  =  1.47  in.  9.   32,7  mi.  10.    17.7  mi. 

Exercise  IX 
1.   2.06  in.  S.    1.08  in.,  1.94  in.  4.    1.8  in.,  1.39  in.,  1.55  fn. 

6.    ^  =  64°,  B  =  65",  C  =  61°.       6.   1.56  in.,  1.26  in.       7.  49°,  59°,  72°. 
8.    53°,  37°,  90°,  9.   23^  67°,  90°.  10,   675  ft.,  24°,  19°. 
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Exercise  Z 

1.  1.73  in.,  58°,  GJP ;    1.84  in..  2.02  in.,  53^. 

2.  1.94  in.,  1.54  in.,  03^;    1.73  in.,  1.93  in,,  53°,  64°. 

4.    1.9  in.,  1.49  in.,  eacli  side  -  1.77  in. ;   angles  are  57°,  57°,  66*>. 
6.    113^  1.64  in.  9.    1.55  in. 

10.    DA  =  3.46  in.,  DB  =  2.21  in.,  A  ■=  38°,  B  =  76°,  D  =  66°. 

Exercise  XI 

Each  segment  =  1.63  in. 

EC=  1.13  in.,  ED  =  2.71  in.,  BEA  =92°,  3EC=U4=,  CED  =  S0°, 

DEA  =  7A  . 

Exercise  ZII 

1.85  in.,  !K)°,  45\  2.    1.81  in.,  67°,  113°,  56J°. 

2.57  in.,  1.17  in.,  90°,  25^  4.    2.24  in.,   1  ".5  in.,  50°,  130°. 

1.93  in.  8.   2.84  in.,  1.91  in.  10.    1,25  dm.,  .62  dm, 


8. 

10. 


1. 
8, 
7, 


6. 
8. 


Exercise  XIII 

A  =  106^  C  =  96°,  D  =  57'.  2.   CD  =  1.65,  C  =  83°,  D  =  77°. 

3.    AD  =  2.91  in.,   DC  =  2.24  in. 

6.    ^1  =  118°,   B  =  9r,  C=89%  I>  =  62°. 
BC  =  4.1  cm.,  CD  =  3.67  cm.  1.    B  =  131°,  C  =  62°.  D  =  131°. 

4.07  in.  9.    DC  ~2.m  in..   A'F=3.03in.  10.    1.71  in. 


.2.    10.8  sq.  in. 


1. 

8. 
6. 

IS. 

18. 
•21. 

25. 

28. 

30. 

83. 
.87. 


Exercise  XIV 

3.    4.56  .s(j.  in.  5.    15.9  s(i.  in.  7.    llj  sq.  in. 

8.    8/-e  .sq.  in. 
10.    (1)  800  sq.  ft.,  (2)  1250  .sq.  ft.,  (3)  940  sq.  ft.,  5980  .sq.  ft. 

Miscellaneous  Exercises 

BC  =  1.5  in.,   CD  =  2  in.,   ABC  =  110°,   ADC  =  110°,    BCD  =  70°. 

37",  53 \  90°.  4.  f)00  ft.  5.  A  rhombus.  4.1  in. 

4.>  ft..  53°.  9.  72°.  72°,  36".         12.  34.1  mi.,  85°. 

248.;57(1  sq.  ft.  14.  2.56  in.,  2.7  in.     16.  450  ft. 

10.6  mi,  19.  59.6  ft.  20.  2.86  mi. 

.•'.09  mi..  44°.  22.  64  ft.  23.   136  ft. 

4.5  in.,  .-..42  in,,  6.25  in.  26.  58\  27.47.7  ft. 

4  mi.  29.  6.928  sq.  in..  1.732  sij.  in. 

102  mi.  31.  134.349  sii.yd.s.     32.  4. .36  mi. 

498  yds.,  158,535  sq. yds.  35.  19.6  yd.s.  36.  568  yds. 

18,9  ft.,  17,2  ft.  38.  179  ft.  39.  3,34  mi. 
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PART   II 

Exercise  XV 

«.    .77  in.,  72°.  3.    .432  sq.  in.,  2.16  sq.  in. 

4.    An=  1.12  in..  ffC=  .692  in..  Z>//=  1.12  in.,  HB  =  .692  in. 

6.  Each  distance  =  .96  in.  g      yy  j„ 

7.  AC  =  AD  =  BE^  BD  ^  CE  =  1.81  in. 


Ilzercise  XVI 
3-    .866  in.  4.    .433  sq.  in.,  2.598  sq.  in. 

Exercise  XVII 

')40\  EAB  =  lOtr,  AED  -^  1()()\  EDC  :r      0°. 

BC  =  1.47  in..  CD  =1.12  in.,  />£'  =  1.02  in..  EA  =  .89  in. 

DE=X2  in.,  A'J  =  1.71  in. 

AB='2M  in..  BC  =  :\  in.,  CZ*  =  2.90  in.,  DE=2A  in.,  £'F=  2.92  in., 

F.l  =2.69  ill. 
BC  =  159  yds..  CD  =  195  y.l.s.,  DE  =  98  yds.         10.    46,428  sq.  yds. 


2.    1  in. 


3. 
4. 

5. 
8 

«. 


1. 

4. 
A. 
7. 
8. 


7. 
10. 

1. 


3.    115  ft. 


Exercise  XVIII 

64.8  ft.  2.    73.6  ft. 

Course  =  S  65^  \V,  distance  =  44.'.»  mi. 

^^•■*y^'''-  6.    220  ft.,  52.6  ft. 

Area  =  515  S(i.  til..  AT  =  13. 1  ch..  CD  =  17.1  ch.,  /)i?  =  19.8  ch. 
243  yds.  9.    152,(X)()  sq.  yds.  10.    109  ft.,  436  ft. 

Exercise  XIX 

2.2  in.,  4  ft.  4J  in.,  2  mi.  7  fur.,  22.2  yds.,  20.3  m.  8  yds.  2  ft.  6  in. 

respectively. 
60  miles  to  an  inch. 

z»..  2. 


376- 


1.    9. 


Exercise  XX 

3.    ,,i,,v  7.    40",  60^80». 

Exercise  XXII 

2.    52  r.  10;!0. 


7.   4i. 


Exercise  XXIII 
1.46",  1.68",  1.41",  1.46". 


iio 
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Miscellaneous  Exercises 

1.  66.r>  ft.,  90",  80°,  7<5',  114\  IMo  .s.i.  ft. 

2.  .74  (iin..  MO  dm.,  88',  84 \  91",  !)7". 

3.  AIi=  110  in..  .4C'^87  in.,  /M  =  48  in.,  Dli  =  n  in.,  DC  =  56  i» 

4.  .-IH.l*  ft. 

6.  Ali^  ;?!t.7  ft.,  AE-  80.4  ft.,  AD  ^^  81.9  ft..  .40  =  3fi.5  ft. 

6.  AE^i-lA   ft.,    ,1Z>  =  019   ft.,    A(J  =  [){}»   ft.,    ,4  =  122'\    £  =  8 

area  =  2.'>9.805  .sq.  ft. 

7.  '24  ft,.  384  sij.  ft.  8.    7'.  ft.  9.    27.5  ft., 'J750  sq. 
10.  2K,  ft.,  110\  f5.V.  11.    282 

12.  .4  r=  101  ,  n  =  112  ,  C  =■  i:;n  .  />  =  80',  E  =  159%  /'  :=  i;]7  . 

13.  3ii  ft.  14.    Di.-tiince  =  80.3  mi.,  i'our.se  =  N2'2° 

15.  AH  3  411  in.,  lif  =  491  in.,  (A  ^  454  in. 

16.  liC  -  18.2  in.,  /i/^  =::  3!t.:!  in..  CD  =  23.9  in.,  area  =  CIO  sc).  in. 

17.  .4C' =  401  ft.,  /y />»-::  552  ft.  18.    173 

19.  'M,  81,  90.  104,  and  lOU  ft.  resi.ectively. 

20.  .1/?-37.!t  ft.,   /?r  =  28.8  ft.,  r7>i^25.8  ft..   DE=42A  ft..  EA~br>fi 

21.  451  ft.  22  nr  =  24(!,  CE  =  liN),  BE  =  200,  area  =  22,2 
23.  30  ft.  24.  428  in.,  G 
25.  Area  =  19,800  .sq.  yds.,  distance  =  534  yds. 

28.  A  -  138^  E  =  ".»»»',  Z>  =  118^  area  =  1907.  27.    119  ft.,  142 

28.  5.3.1  yds.  29.    22.0  mi.  30.    111ft.  31.    245  i 

32.  32  km.,  9.9  km.  20  km.  33.    137  ft.,  237  ft.  34.    34.2 

35.  99,018  sq.  yds.  36.    10  mi.  37.    15.48  sq.  in.,  3.87  sq. 

38.  Heights  =  11  and  4'  ft.  respectively,  di.stance  =  30  ft. 

89.  18%  400  yds. 

40.  ^.8  =  6.38  mi.,  J3C'  =  9.43  mi.,  ^C  =  13.3  mi.     Direction  is  S  13°  ' 


'  =  66  in, 


£•  =  83% 

i750  sq.  ft. 
11.  2H2  ft. 

=  N  2'2°  E. 

\q.   in. 

18.  173  ft. 

'A~l)'>fi  ft. 
a  =  22,287. 
28  in.,  67°. 


ft.,  142  ft. 
11.  245  mi. 
14.  34.2  ft. 
3.87  sq.  in. 


s  S  13°  W, 


